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ABSTRACT

A collection of models developed to simulate atmospheric transport of

local fallout from nuclear detonations is described. These models com-

prise the Transport Module of the Department of Defense Land Fallout Pre-

diction System (acronym DELFIC). Details of the physical bases of the

models as well as the Transport Module computer programs are presented.

The programs provide for temporal and three-dimensional spatial variation

of the wind field. Wind-field construction from input data can be accom-

plished by one of several preprogrammed methods that may be selected on

the basis of the type and quantity of available data. Submodels for special

local circulation systems can be superposed on the macrowind system. A

capability to simulate highly variable topography is included. The com-

puter programs are essentially open ended with regard to capacity for par-

ticle, wind field, and topography data.
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INTRODUCTION

The purpose of the Transport Module is to accept a list of fallout particle prop-

erties and positions at the end of the cloud rise and mathematically transport these

particles through a temporally and spatially varying wind velocity field until they

land on the ground or until the researcher's interests are otherwise satisfied. This

module can be characterized by the terms atomistic, deterministic, and discrete.

It is atomistic because the basic element of the module calculations is the fallout

particle and, at least in concept, the end results of the model are based on the

summation of the effects of individual particles. It is deterministic because the

trajectories of individual particles falling through the atmosphere are uniquely de-

termined by particle and atmospheric properties. It is discrete since the distribu-

tions of particles in space, particle size, and radioactivity are divided into discrete

parts, the effects of which are associated with representative central particles.

The macroscale atmospheric description used within the Transport Module is also

discrete in that the atmospheric volume of interest during a given time period is

divided into subvolumes (cells). Everywhere within a cell the atmospheric prop-

erties are considered to be uniform. Thus, the Transport Module is discrete in

space, time, and particle size.

A set of fallout particles chosen as representative of the contents of cloud sub-

divisions is prepared by the Cloud Rise-Transport Interface program of the Cloud

Rise Module. The generation of this input is described in detail in Volume III of

this documentation; here we review only its essential highlights. Figure 1(a) depicts

the particle cloud resulting from the rise and growth of the nuclear cloud before ac-

counting for wind drift during cloud rise. A region of space that includes the cloud

is subdivided, as shown in Figure 1(b), and a particle content is defined for each

subdivision. In general, the contents of each cloud subdivision are unique. Each

subdivision depicted in Figure 1(b) may be further subdivided into a large number

of spatial subdivisions. Furthermore, each of these spatial subdivisions will be

represented by a number of different central particles - one for each size class

that is actually represented within the original cloud subdivision. Figure 1(c) de-

picts the location of the subdivisions representing a particular size range after the

effect of wind drift during cloud rise has been accounted for.

. . . .. . . . .



(a) Accept Particle (b) Load Sample
Sample Resulting from into Array, Smooth

Cloud Rise Module the Array to Define
all Transportable

Cloud Wafers

I aI

(c) Adjust Positions of Wafer Centers to
Account for Winds During Cloud Rise 3

Figure 1. Operations of the Cloud Rise - Transport Interface
Module

The Transport Module takes as input the coordinates of the center of each sub-

division, at which position it assumes residence of a representative central par-

ticle of given mass and size. The time of input of the central particle to the Trans-

port Module also is given. A diagrammatic representation of a cloud subdivision

and its defining parameters as accepted by the Transport Module are shown in

Figure 2. Within the Transport Module the trajectory of each cloud subdivision

2



PARAMETERS

1. Central Particle Size -.

2. Mass Pez Unit Area

3. X Coordinate (E-W)

4. Y Coordinate (N-S)

5. Z Coordinate (ALT)

6. Time Coordinate

B

B

Figure 2. The Elementary Cloud Subdivision and Its Characterization
(B is the dimension of all cloud subdivisions at the time of their definition.)

(represented by its central particle) is determined independently of all others and

transport ceases when the central particle lands on the topography.

Within the Transport Module there are two systems for the description of at-

mospheric flow: the primary, or "macro, " system; and the secondary, or "local,"

system. The use of these systems of description, however, is merely suggestive

of but not restricted to the macrometeorological and local meteorological scales.

In the macroscale description relatively large cells may be employed, and the

totality of cells may include a vast volume of atmosphere perhaps on a macromete-

orological scale. In the local atmospheric system cells more freedom is allowed

in the mode of circulation description. Within each local circulation system unique

particle transport procedures can apply. For practical reasons the DELFIC sys-

tem restricts the researcher to use, at any one time, only a small number of local

ci,'nulation systems that are defined within specified boundaries. Where "local"

and "macro" description systems overlap, the former take precedence since they

are capable of greater precision.

S . . . • - -- - • • m nnm nnmnum uu mmuumul N m •3
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S

PHYSICAL AND MATHEMATICAL MODELS 3
Fallout Particle Kinematics

Relationship Between Wind Field and Particle Velocity 3
The fundamental equations that describe the motion of fallout particles (which

are typically greater than 10u in diameter) in the wind field are the momentum 1

equation !
dV r

dt V(t) -Vwr(t),]t i (VIp-V wi)+ GQ (1)

and the displacement equation

dr

d-V , (2)

where Vp and V are the particle and wind velocity respectively, G = -Gk where G S
is the gravitational constant and k is a unit vector which points in the positive z

direction, r is the particle's position, and 0(I Vp - VW I) is a friction function de-

fined so that the frictional force per unit mass between the particle and the wind is

given by*

B
A commonly used expression for P in the pressure flow regime is

_D pA IV V I = KIV - V i
m -p -Wp '-w

while in the Stokes law regime 0 is a constant.

4



We have shown in Appendix A of Ref. 1 that for all but the most extreme con-

ditions of airflow, for example, tornadoes, the components of particle velocity

are given by

V =UV, (4)
px

V = V, (5)
py

and

pz =VF +W , (6)

where U, V, and W are the x, y, and z components of the wind velocity, respec-

tively, and V F is the still-air particle settling rate. In effect we have been able

to solve the momentum equation for the fallout particle, thus reducing the dynamics

of the transport problem to the solution of the position equation.

Particle Settling Rates

We have performed a comprehensive survey of the methods used for comput-

ing particle settling rates as given both in the open literature and in the literature
1

on fallout prediction methods. On the basis of this survey, we have concluded.

that the equations of Davies for spheres are most appropriate for use in thd DOD

Land Fallout Prediction System. The following procedure is used in computing

particle settling rates:

2
1. The dimensionless quantity CDR , where CD is the drag coefficient and

R is the Reynolds number, is evaluated by the equation

2 4Gppd 
, d73

D 3123?7

where G is the acceleration of gravity, p and pp are the densities of air

and particle, d is the particle diameter, and V is the dynamic viscosity

of the air.

5

.



2. The Reynolds number is evaluated from the Davies polynomials:

R - CDR 2. 3363 x 10-4 R + 2. 0154 x 10-6 (DR 3

(8)

- 6. 9105 x 10-9 (CDR2 , CDR2 < 140

or

logl 0 R = -1. 29536 + 0.986 (log 1 0 CDR2) - 0.046677 (log1 0 CDR2" 2

(9)

+ 0.0011 2 3 5 logl0CDR) , 100 < CDR < 4.5x 107

3. The settling velocity V F is computed from

Vf it (10)
F pd

4. For small particles at high altitudes, the settling velocity must be multi-

plied by a drag slip correction, f, where

f= + 2.33 x 10-4 (11)
dp )

and d and p are in microns and grams per cubic centimeter, respectively.

We have concluded 1 that methods commonly used in the past to correct particle

fall rates for shape effects in fallout prediction calculations are incorrect. Appar-

ently it is true that irregularity of shape can have a significant influence on settling

rate; however, the only precise information of a general nature that seems to be

available is that a particle of spherical shape falls at a rate that is a maximum for

particles of equivalent volume of all shapes. In addition, irregularity of shape can

6 
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cause deviation of particle trajectories from the vertical in still air. It is known

that both of these effects become more pronounced with increase in Reynolds

number. Unfortunately, so little experimental work has been done for particles

in the pressure flow range (i.e., for large Reynolds numbers) that the importance

of these effects to fallout prediction calculations cannot be precisely determined.

Additional studies of these effects should be performed to resolve the issue.

Appendix B of Ref. 1 presents the details of our study and a comparison of

particle settling rate computation methods.

Effect of Atmospheric Diffusion on Particle Transport

In our model of cloud subdivision transport a segment of cloud volume of

height AZ and lateral dimensions 2Xo, 2Y (see Figure 3) is assumed to move
0

A Z

Figure 3. Segment of Cloud Volume

through the atmosphere as a rigid body if turbulent diffusion is absent. To be

sure, it is assumed (still neglecting diffusion) that the initial extent of the cloud

subdivision is small enough so that the equation of motion of a hypothetical par-

ticle located at the periphery will not differ from that at the center. The motion

of the center is determined from the conventional transport equations as previ-

ously developed (i.e., Eqs. (4)-(6)).

7



3

In reality, the cloud subdivision represents a group of particles (of a par- 3
ticular size range) whose total number is N and whose initial uniform lateral

density* is

N4YX (particles - mi 2  
. (12)

During transport, turbulent diffusion tends to disperse the particles of the cloud

subdivision so that by the time the subdivision reaches the ground, its shape will I
have changed and its particle density, a, will have decreased and become nonuniform.

The increase in lateral area is due to the cumulative effect of diffusion of all I
the particles contained in the slice. If the origin is established at the center of the

slice, the lateral density of particles, P(x, y, t), at a time t is given by 3

P (x, y, t) = So Y S G(X - x1,y -y',t) dx' dy' ,(13)

X 0 -Yo 0

where the diffusion kernel G(x - x1, y - y', t) is given by

G = (21rDt) -1 exp -[(x -x') 2 + (y-y')21/2Dt}, (14)

with D being the diffusion constant. Consideration of Eqs. (13) and (14) show that I
P(x, y, t) is defined over the entire x, y plane, but as an approximation to the theo-

retical result for computational purposes we have chosen to construct an equivalent I
rectangular segment of uniform surface density a with dimensions defined as X, Y.

These equivalent dimensions are determined by requiring that the mean-square 3
*The term lateral density is used to refer to the surface density S

(particle/unit area) that would result if the particles represented by a cloud
subdivision were deposited vertically onto a horizontal plane. 3

8



2 2
displacements x , y of the rectangular segment be the same as those computed

from the exact probability distribution P(x, y, t).

It is easy to show that for a uniform distribution,x and y are related to the

limiting dimensions via the formulas:

2 1 2 2 y2
x = 1/3X ; y = 1/3 (15)

On the other hand, we have

±o +00

x 2 P(x, y,t) dxdy

2 -0 -1 2x = 4a X Y =Dt+1/3o
0 0 0

and (16)

+00 +00

2 2co P y2

Y = 40 X0= Dt + 1/3 Y
4 0A 0

The equivalent dimensions of the slice at time t are thus given by

X2 = X2+ 3Dt

0

and (17)

y2 = y2+ 3Dt
0

with corresponding lateral density

N
-4XY (18)

3
The user is referred to Pasquill's "Atmospheric Diffusion" for a discussion on

reasonable estimates of D.

9



Wind-Field Description

As previously mentioned, there are two complementary and simultaneously

compatible modes for describing the wind field: (1) the macrowind description sys-

tem which makes use of a numerical approximation to a complete three dimensional

wind field derived from observed data and is of greatest general utility; and (2) the

local circulation description system which makes use of analytical representations

of special atmospheric situations (e. g., sea breezes or mountain winds). These 3
local systems also are three dimensional and can coexist with a macrowind field,

in which case they override the macrowind field within the volume of space common

to both. These modes of wind-field description are described in detail in the sub-

sequent sections.

Macrowind Fields

The macrowind-field descriptions are accomplished as follows. A Cartesian 3
coordinate system that encompasses the region of close-in fallout is established

with arbitrary origin. With reference to this coordinate system, grid square arrays I
are specified on horizontal planes at arbitrarily spaced intervals in the vertical di-

rection. Figure 4 illustrates how such a set of strata is used to fill the volume of

atmosphere of interest. Each stratum is further subdivided into a number of wind 5
cells in a regular manner as is shown in Figure 5.

To assign vectors to wind cells, the user must first specify as input a data set S
of wind vectors and vector positions. This data set can be arbitrary in number and

distributed in an arbitrary manner throughout the atmospheric volume of interest. 3
The program then determines and associates a wind vector with each wind cell in

the volume of interest. These wind cell vectors are based on the input data, and

there are three interpolation-extrapolation computational methods available for use

in determining them.

In the first option the program assigns to each wind cell the data vector nearest

the cell's center. The second option uses a weighted average of nearest data vectors,

where the user is free to specify both the number and the distances of the vectors to

be considered. The third option uses a statistically derived three dimensional linear

model of the atmosphere based on the N nearest data vectors to perform the required

interpolation or extrapolation for each cell. The method to be used in any particular

I
10
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STRATUM 2
NUMBER 47jij - _Y

Figure 4. Strata within the Spc'cified Wind Field Volume
(illus-tr ated for six str ata)

110- .. .. (BOTHIT (J+I) - BOTHIT (J))

N0 x

Figure 5. WVind Cells -Stibd(ivi Miofls ofa Stratum (illustrated for thle Jth
strNun from the) II bottom)



case must be determined on the basis of the quantity and quality of the data available.

The notation used in the explanation of the three methods is as follows:

R. position of ith observed wind velocity vector relative to the

wind-field-array grid point 0

V = measured wind velocity at position R.

V° = wind velocity at a wind-field-array grid point Ro0  V is to

be determined from '. and V..

The Closest Datum Method. In this method the velocity at the grid point is

assumed to be the same as that of the closest datum point. This will probably be a

good approximation if the location of a measurement is sufficiently close to the ar-

bitrary point.

The Preferential-Weighting Method. In the preferential weighting method V

is computed as a weighted average of the velocities from observations that lie within

distance P from the grid point in the horizontal plane and distance C0 from the grid

point in the vertical direction. Specifically, the relationship between V and V.

is given by

N

Vo = f' V (19)
i=1

where
N

Sfi= 1 (20)

A weighting method described by Cressman4 has bet, used in deriving an expression

for f. in the form

c'2 2 2 2 2
, 1 

-l

f• 4. - ) (. + y -(1

f. -_ 1 k - (21)

k=- 2 + Z2 02+ zk" Yk2

The parameters ae, f0, and N are specified by the use--, a and p have tie physical S
significances described previously. The calculations of the f are performed

12



so that whenever a factor in Eq. (21) is found to be negative, its value is replaced

with zero. If N is specified to be less than the total number of observations, only

the N observations closest to the grid point are considered in the calculations.

The Least-Squares Method. Here, we assume that each velocity component is

an analytic function of position. Since the wind velocity in the macrowind field will

not undergo very great spatial variations in a short distance, it becomes possible

to approximate each component of the wind velocity by the first few terms of the

Taylor expansion taken about the grid point as origin. We can then write

u = u + (Vu) R

v = v0 + (VV)o R (22)

and

w=w+ (Vw) .R

where u, vo, and w 0 are the x, y, and z components of the wind velocity at the

origin. By least-squares fitting of Eq. (22) to the data points, we can determine

the twelve unknown constants uo, vo, 'v , (Vu)o A (Vv)o = B, and (VW)o = C.

Actually, the computation breaks down into three separate parts involving (u0 , A),

(vo, B), and (wo, C). To illustrate the procedure, we shall outline the method for

computing u. If U. denotes the x component of wind velocity at the ith sounding

station, the ith residual is given by

ti=Ui-ui = U. -Uu + Ax i+ Ayy. + A z.' (23)

The constants u0 , Ax, Ay, and A are determiner' by the least-squares method by

minimizing the functional
N

F (uo, A) 2 (24)

i=1

13
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with respect to these four parameters. The four linear equations so deduced are 3
8FU• 0 = • •+ uo + A ,- R (25) 1

au <-i+AR)

F=0 = - Ujx + (u + A - R)x. (26)1
aAx i i o - ~]x

yA = 0 = - UiYi + u u + A. R) y , (27)

and

L--FF = 0 = Uizi+ (u + A. R z. (28)

Introducing the averaged quantities, I

u N} U i' x \\Nl Z_ xi V = (-, 4 Yi'

I
\N C1 zN, ux V xi uy N)

uz 1 Uz., x xy ' (29)

xz = 1 ii, yz = YZi y =yiyi

and

2 '(Z..
1= 4

I
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3

3gives the following matrix equation for u0 and A:

3 x y z u 0  U

xx xy xz A xux

(30)
-- 25 yxy y z A uy

Sxzzyzz A/ uz

3 By use of conventional matrix inversion techniques, Eq. (30) can be solved for uo.

We have

U0  ,u + Yi 2ux + 5,3 uy ÷y 4 uz (31)

5 where

B 1~r 5,-BI

S B 2 1

Y2 - B I
B31 (32)

B341
g ~ and

Y,4 -IBI

I

I
15
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in which I BI denotes the determinant of the matrix Eq. (30). The quantities Bki

are the cofactors which equal (-1)i+k times the complementary minor of the matrix

element Bki. It is easy to show that the y and z components of velocity are given by

Sv° = •1v + Y2 vx + ,3vY + Y4vz (33)

and

w° = T1W + -Y2wx + Y3wy+ 'y4 wz , (34)

where the averaged quantities in Eqs. (33) and (34) are of the same nature as those 5
shown in Eq. (29) with the replacement of Ui with Vi and Wi.

Some reflection shows that the determinant of the matrix can equal zero when 3
the measured points lie on the same plane or on a line. (For example: if z = z is

the same for all stations, then the fourth column of B is z* times the first and IB! I

vanishes.) This is a manifestation of the impossibility of passing a different plane

through the N points. We have provided for these degenerate cases in the computer

program. When the determinant of B is very small, we revert back to the prefer-

ential-weighting method. 3
Local Circulation Systems

Provision has been made to incorporate local circulation systems in the com-

puter program to afford prediction of the wind velocity in regions where (1) direct

measurements of the wind velocity are not readily available and (2) the density of

measuring stations is not adequate to account for rapid spatial changes in the wind

field. At present, two such local circulation systems are available: the orographic 3
and sea-breeze systems.

The regions controlled by these models are bounded by planes perpendicular to

the coordinate axes. Inside these regions, wind vectors are computed for specific

circulation model parameters. Figure 6 represents three of these local circulation

cells as they may be superimposed upon the macrostratum and wind cell structure.

The important physical features of these local circulation systems, as they pertain

to user application, are now discussed, although the details of the theory in each

case are presented in Appendixes A and B, respectively.

16
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Figure 6. Wind-Field Volume with Superimposed Local
Circulation System Cells

Orographic Effects. The theoretical model of orographic flow is intended for

use in regions where suitable meteorological data are not readily available. Spe-

cifically, the model assumes that in the absence of the variable terrain region under

consideration, a certain uniform steady velocity field would exist. The mountains

and valleys then cause the assumed flow to change, and it is the resulting wind field

which is computed by the model. It is possible to compute the wind field in a region

which contains several orographic features by first computing the wind field due to

a single one and then summing up the effects. This procedure works as follows:

Let u0 be the velocity of the unperturbed flow (i. e. the flow that would exist in

the absence of the mountains and valleys). Now orient the coordinate system so

that the x direction points along u0, and let the y axis be perpendicular to u and

the z axis point in the direction of the zenith. The functions u(x, y, z), v(x, y, z), and

w(x, y, z) denote the x, y, and z components of the wind velocity respectively.

17
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We have found that a suitable mathematical representation for a single moun-

tain is

b a
3

z = f(x,y) = 2)3/2 (35)

where z irs the elevation of the mountain, expressed as a function of

r = ,+ y 2 )/2 , (36)

the horizontal distance from the center of the mountain; h is the maximum elevation

of the mountain as can be seen by setting r = 0 in Eq. (35); and a is a characteristic

width of the mountain (when r = a the elevation z = 0. 35h). The components of wind

velocity resulting from the mountain whose vertical position with distance is given

by Eq. (35) is given by:

2 (Y r2 + X2 _/2x 2)
u v(x, y, z) = +u ° (a 2 h) 5x 2 (3j

52 '238

(r 2 +X

v(x,y,z) = -3uo(a 2h) x 5 (38)
0(r 

2  + 5 2

and

w(xyZ) -3u 0 (a r2 + 2) 5/2 (39)

where
X = (z + a) 

(40)

18



Obviously, the foregoing expressions for the components of wind velocity are

applicable for

z > f(x, y) (41)

(i.e. for those points which lie above the ground). Equations (37)-(39)can be used

to describe the flow of wind over a valley whose mathematical description is like

that of an inverted mountain. For this situation we merely replace h by -h, the

maximum depression of the mountain.

Another important obstacle to be considered is a mountain ridge whose crest-

line makes an arbitrary angle -y with respect to the direction of the unperturbed

flow uo. The pertinent geometric details are shown in Figure 7.

y

y
X•X

Direction of
Unperturbed

Crestline Flow

of Mountain

Figure 7. Mountain Ridge Not Perpendicular to Flow
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The mathematical description of the elevation of the mountain ridge when

viewed along the y' axis is given by the expression

h (42)

1 + (x'/a)
2

where h is the maximum elevation of the ridge; a, in this case, is the half width

(z = 0. 5h when x' = a); and the x and y coordinates are related to x' and y' by the 3
equations

x =x'cosv-y' sin-, x' = xcosy + y sin y

(43)

y=x' sin-y + y' cos y , y' = -x sin y + y cos -y

The wind velocity components referred to the x, y, z coordinates are given by

u u 0-u 0(ah) cos 2 Y (X Cos -Y+y sin-) 2 - 22 (44)3
0 (x cos - + y sin y) 2 + x 2]

v = -uo(ah) cos -y sin - (x cos - + y sin -y) 2  X2 (45)
1(xcosy + ysiny)2 + X2]

and

w = -2uo(ah) A (x cos-y + y sin y) 2 (46)

[(xcosy+ ysin-y)2+ X2]

whe re

2I
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It should be carefully noted that u, v, and w do not depend on y', as can be seen

from the substitution x' = x cos y + y sin y in Eqs. (44)-(46), so that the origin of

the mountain ridge can be located anywhere along the crestline. Equations (44)-(46)

can also be applied to a valley ridge whose shape is that of an inverted mountain

ridge, with the replacement of h by -h.

In summary then, we can compute the wind field due a mountain, inverted moun-

tain (valley), mountain ridge, and inverted mountain ridge (valley ridge). For the

single mountain (valley) the expressions for the velocity are referred to the center

of the mountain whose coordinates can be denoted by

(xiy.)

That is, if x, y and z denote the point in question, then the components of the wind

field due to the mountain in question that are computed at this point are given by

u i(x,y, Z) -- u x -xi, y - yi, Z) I

vi(x,y,z) = v(x -xi, y - Yiz) , (47)

and
w i (XY, Z) = w x - xiY-Yi, Z)

where u(x - xi,y -yi' z), v(x - xi, y - yi' z), and w(x - xi, y -yi' z) are obtained

from Eqs. (37)-(39) with the replacement of x by x - xi, and y by y - y.. As in Eq.

(41), the inequality

z > z.1 = fi(x-xiy- Yi) (48)

must also be satisfied.

Precisely the same considerations concerning the calculation of the wind field

apply for the mountain (valley) ridge. That is, Eqs. (44)-(46) give the velocity of

the wind field when x and y are replaced by x - xi and y - yi, where x. and yi are

the coordinates of the center of the ridge and z lies above the ground.
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As demonstrated in Appendix A, the theory shows that the principle of super- 3
position of ground disturbances is applicable under most conditions, the exceptions

to which are subsequently discussed. What this means is that in a region where 3
the topography can be described by the equation

z * = 7 f X-xi (49)

where fi(x - xi, y - yi) is the mathematical description of a particular orographic 3
feature (referred to a suitable origin whose coordinates are xi, yi), the resulting

velocity field can be written as 3

u(x,y,z) = ui(x-xi,y-yi,z) Z

* X ,Z =. v i(x -xiV -yi Z)1 (50

and U

w(x,y,z)= -wi(x - xiY - yiz)
i

where ui(x - xi,y -yi' z), vi(x - xi, y - yi' z), and w.(x - x., y - y., z) are the contri-
butions to the velocity field resulting from the orographic feature whose mathe-

matical description is given by fi(x - xi, y - yi). To be sure, we have assumed in

this model that the topographical description can be resolved into combinations of

mountains, valleys, and mountain and valley ridges whose individual mathematical

description is given by Eqs. (35) or (42) with h either positive or negative. In the

event that this is not feasible, or satisfactory, the user can use the general tech-

nique as outlined in Appendix A to compute the wind field for an arbitrary topograph- 3
ical description.

3
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Thus at this time the user is obliged to represent the topography through com-

binations of the four features just discussed. The point to be carefully noted is

that the resulting analytical expression for the topography, which will be of form

given by Eq. (49), should as closely as possible resemble the terrain. Suppose

there are two mountain ridges each of half width a separated by a distance 91' as

shown in Figure 8(a).

RESULTING SHAPE

h I

XI X X 2
I- -2

(a) 2 (b) 2

Figure 8. Mountain Ridge Separations

if9 1 is large compared to a, then with good approximation the topography can be

represented by the equation

ZT = - h + hl(22+2  2 (51)T 1 +÷ - x )2/a 2 1 + (x -x2) 2/a-

because when zT is evaluated in the vicinity of the second mountain ridge (i.e.,

x - x2) the contribution from the first term is negligible. Evaluating zT at x=x 2

gives

1 +(h +a2 h
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which if 0,1 >> a approximately equals h, the contribution from the second ridge

only. Now consider the same ridges, but this time separated by a smaller dis- I
tance P'2 (Figure 8(b)). Equation (51) will no longer be adequate because zT(x = x 2 )

becomes I
z•*x = h +1 () 2 a2/ a

which can be significantly greater than h if P2 is not very much larger than a.

Thus the dashed line shown in Figure 8(b) might be the resulting topographical 3
shape if Eq. (51) were used. A possible method for circumventing problems of

this type is to use an expression of the form•3

Z 1 h 2 2 '+

1- + (x -x 2 ) /a'

I
where h' and a' are "adjusted" parameters, deduced by developing a best fit ap-

proximation to the actual terrain. 3
In brief, the resulting analytic expression for the topography should be de-

duced by a "best fit" procedure. 3
As mentioned earlier, there are certain limitations of the model which the

user should be aware of. These restrictions are basically of two types and are 3
concerned with the extent or actual size of the orographic flow of the local circula-

tion system, and the shape of the terrain. These aspects of the problem are dis-

cussed in detail in Appendix A; however, a summary of the major conclusions is

as follows:

1. Size Limitations

The theoretical model is based upon a perturbation treatment of I

the usual hydrodynamic-thermodynamic equations under the assump-

tion that an adiabatic atmosphere prevails. The relationship between

I24



the change in the wind field Av(x, y, z) and the curvature of the terrain

is deduced by first expressing the three components of AX (namely

Avi(x, y, z)) in a spatial Fourier transform representation,

Avi(x, Y1z) = Ai(k) e r d3k ,

and then solving for the A.(k). The solution for the Ai(k) involves the

derivation of the dispersion relationship for the system, which basically

connects the vertical attenuation constant of the velocity field to the

periodicity of the terrain. This relationship is of the form

kz =kz(kxky)

and becomes greatly simplified for (1) short wavelengths and (2) when

the Coriolis effect is neglected. It is in fact these simplifications of the

dispersion relationship which yield the relatively simple forms of the

wind fields. The short wavelength restriction requires that the area

designated as a local circulation region be no greater than 50 mi in one

direction. On the other hand, the neglect of the Coriolis effect requires

that the extent of the local circulation system, L, be no greater than

d = 24uom , (52)

where uom is the unperturbed wind velocity expressed in miles per hour.

The condition for which

L < d = 24u om

is not really a limitation on the applicability of the theory for fallout pre-

diction. If uom is small, the perturbed wind velocity will also be small

(as shown in the analysis) and terrain effects will not be important since

the motion of the fallout particle will be essentially vertical. Thus, the
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expressions derived for the wind field by applying the calculation for 3
short horizontal wavelengths and neglecting the Coriolis effect are entirely

justified from the local circulation viewpoint. For all practical purposes 3
the requirement

L <50 mi

is sufficient.

2. Shape Limitations

The first-order perturbation theory solution is only approximate and 3
gives increasingly better results as the change in velocity, A v, as com-

pared to u diminishes. As shown in the analysis, Av increases with a 3
corresponding increase of curvature or slope of the terrain; consequently,

we can expect uncertainties between the unknown exact solution and the

results computed from the first-order perturbation theory to also increase

with an in2rease in slope. Roughly speaking, these uncertainties are of

the order S S2, where S is the slope of the terrain. Clearly then, the 5
model should not be used when S is very large, although the question of

"how large" is not yet resolved. We have been able to partly compensate 3
for the inadequacies of the calculation for the case of a mountain ridge

whose crestline is perpendicular to the airflow, and we suggest that the 3
conclusions drawn from this investigation be extended to all cases.

Fundamentally, we have found that the first-order perturbation theory 3
underestimates the vertical lift in the case of the aforementioned mountain

ridge (see Appendix A). This was demonstrated by showing that the cal-

culated surface wind trajectory (which for the exact solution should be

identical with the contour of the mountain ridge) actually intersected the

ridge. The discrepancies between the exact and calculated surface trajec-

tories increase with a corresponding increase in ridge slope, as given by

the ratio of the maximum elevation, h, to the half width, a. 3
S = (h/a) 3

26;



However, by performing the calculations with a larger slope,

s' = h'/a ,

where h' is larger than h, it becomes possible to make the calculated

surface trajectory follow the mountain ridge contour. Figure 9 shows the

relationship between the actual slope S and the required slope S' whose

use will partially crmpensate for the limitations of the first-order per-

turbation theory. Thus, if JhJ is the actual height of the mountain

(valley) ridge, the calculations should be performed with an h' given by

th'f = JhJ(S'/S) , (53)

where the ratio S'/S is evaluated by first determining S (e.g. point A) and

then finding the corresponding value of S' (point B). We suggest that the

modification in mountain ridge height, as given by Eq. (53), be extended

to single mountains (valleys), although calculations supporting this

.8

.7

.6

.5

AcL .4A

0

3I

.2

.1 .2 .3 .4 .5 .6 .7 8 .9 1.0

Slope S'

Figure 9. Slope Compensation
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conjecture have not been rendered. The modification of elevation does not 3
alleviate the shortcomings of first-order perturbation theory; consequently,

we further suggest and, moreover, stipulate in the program itself that 3
S' < 0.6.

It should also be noted in passing that the orographic effects extend 3
indefinitely in altitude as can be seen by examining the mathematical ex-

pressions for the components of wind velocity. However, we have decided

(based on a few sample calculations) to limit vertical consideration of an

orographic region to three times the height of the highest obstacle in the

region. 3
The Sea Breeze. The linearized model of the sea breeze as developed by Defant

has been selected as the most suitable model for the sea breeze for two reasons:

(1) it gives good agreement with experimental observation, and (2) the resulting

analytical expressions for the components of the sea breeze are relatively simple 3
from a computational standpoint. Defant5 approaches the sea-breeze circulation

problem in the sense of Lord Rayleigh's convection theory, the dynamics of which 3
are governed by the continuity equation, the three momentum equations, the equa-

tion of state, and the heat-diffusion equation. By neglecting density variations in

the continuity equation, and including them in the momentum equations since they

modify the action of gravity, it becomes possible to construct a vorticity function

from which the components of velocity in a plane perpendicular to the coast can be

determined. Included in Defant's model is the assumption of an infinitely long coast-

line which points in the y direction; variations of the meteorological variables in this 3
direction are neglected. The x axis is perpendicular to the coast and positive inland,

while the z axis denotes the vertical. 3
Figure 10 shows the typical circulation pattern after sunrise when viewed along

the direction of the coastline (positive y axis). In addition to the x-z circulation 3
there is an accompanying y component of velocity which is related to the other com-

ponents in a determined way, but is not shown in the figure. The driving force is 3

3
I
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Figure 10. Sea-Breeze Circulation

3 of course the potential temperature differential at the surface, whose behavior with

x and t is assumed to be given by

3 O(x,z = 0, t) = sin XxT(t) , (54)

where X= (7r/2Lx) and T(t) is a function of time alone. The circulation pattern shown

3 in Figure 10 occurs when the land temperature is higher than the water temperature

(discounting the 1 hr or so lag time due to the inertia of the system). A positive value

3 of T(t) corresponds to the surface temperature differential profile shown in Figure 11.

I

U ~(x. Z 0. t) 1/21 . T----

3ea La nd

X=0

3 1/ 2 1,x

U Figure 11. Temperature Differential Profile
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According to the theory T(t) is expressible as a Fourier series in multiples of the 3
sidereal day frequency, Q. That is

inot
T(t)= Tn e (55)

n=l I

where 3
7ir/Q

T n = •(2r)-1 2Q T(t) e-inft dt =T*n e n (56)
03

is in general a complex quantity with amplitude T and phase rn" In addition tonn
specifying the extent of the sea breeze, Lx, and T(t), it is necessary to specify the

other characteristic physical parameters of the sea breeze which include: u, the

Guldberg-Mohn friction parameter; K, the thermal eddy diffusivity; o0, the average

ground temperature; r = (d0o/dz), the initial unperturbed temperature gradient; 3
and sin 0, where 0 is the latitude at which the sea breeze is occurring. (A more

comprehensive discussion of these physical parameters and their relationship to 3
the overall structure of the sea-breeze circulation is available in Appendix B.)

The expansion of T(t) in a Fourier series results in the following expansion of 3
the components of the wind field:

u(x, y, Z t un(xyZ
u- (xyyzzt)) (57)

v (x, y' z't) =•_ Vn(X, y, Z, t) ,(58)

and

w(x, y, z, t) =.w (x, y, z, t) , (59)

I
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where u , v n, and wn are the partial contributions to the x, y, and z components

of the wind field respectively from the nth harmonic. These quantities are essen-

3 tially given by Eqs. (B. 59), (B. 60), and (B. 61) of Appendix B, but can be simplified

to the following form:

wn =sin XxJ [en cos (n•t + enlz + (n)
I (60)

Sk 2 z cos (n2t+ 8n2 + On)

un = cos XJnx Kn e k cos (n1t + Pnlz + On + ?7nl)

(61)

-K e cos (nQt + gnZ+ On+?n2)

and

vn = cos XJny Kn1 ekn1z cos (nqt + fn1 z + On + -qnI + vn)

3 (62)

Kn2 e Cos( nt+n 2 z + n+ n2 + n
U

The constants Jnz' Jn, and J are each proportional to Tn, the magnitude of the

nth temperature harmonic, and like all the mode-dependent constants appearing in

Eqs. (60)-(62) are dependent on the physical parameters of the sea breeze. The
constants kn1' In1' k gn2' Kn1' Kn2' 7nl' Tn2' and vn are completely independ-

ent of T* or Tn, while n = & + -n where a is mode-dependent but otherwise in-
n nn* n nn

dependent of Tn or T
n n
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Since knl and kn2 are negative, all the components of the sea breeze will decay

with altitude. The sea breeze does not have a precisely defined height but an ef-

fective height can clearly be related to the exponential decay constant. Because the

first harmonic will always be the predominating term, we have decided to define

the height of the sea breeze as twice the reciprocal of the minimum of I k ill or

k 121 . Thus Hs, the height of the sea breeze, is calculated internally and the user

need not concern himself with its specification.

It is appreciated that situations can arise where information regarding the

internal structure of the predicted sea breeze may be required. For this reason

provision has been made to have the program print out the important mode-dependent

constants and H
5

We shall now briefly discuss the availability of the physical parameters of the

sea breeze. A summary of suggested parameter values is given in Table 3 (p. 110).

L the total extent of the sea breeze, is twice the inland or seaward extent of

the sea breeze (in our sea-breeze model it is assumed that the inland and seaward

extent of the sea breeze, as measured from the coastline, are equal). The dimen-

sions of Lx are assumed to be available.

K, the thermal eddy diffusivity, is taken to be a space-independent quantity and

as such its precise numerical value is not well defined. Measurements of K can,

however, be made, and from them a suitable average value deduced, characteristic

of a particular situation.

0o, the average ground temperature, can be determined by standard techniques.

Although a, the Guldberg-Mohn parameter, does describe the effect of viscosity

on damping the sea breeze, it is in some respects a device for incorporating friction

in a simplified way - the reason being that it leads to relatively simple mathematical

descriptions of circulation systems which appear to be in agreement with experiment.

By increasing the values of a we shorten the time lag between the maximum tem-

perature and the maximum wind intensity of the sea breeze and also decrease the

intensity per unit of temperature differential. For instance, in calculations per-

formed by Defant,6 it was shown that holding all other parameters fixed and in-

creasing a from 0 to 2.5 x 10-4 sec- 1 shortened the time lag between maximum
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temperature differential and the maximum wind velocity from 6.7 to 1.4 hr. Con-

currently, for the same temperature differential, a factor of 3 decrease in wind

velocity occurred. The value of a to be used in a given situation must be based upon

past observations; that is, the sea-breeze circulation must be matched with the

mathematical model by adjustment of a. There are to our knowledge no known ex-

perimental methods which yield a; however, suggested values are given in Table 3

(p. 110).

F, the vertical temperature gradient of the unperturbed atmosphere, is as-

sumed as is done in all models of the sea breeze, to be positive.
T * and T , the amplitude and phases of the temperature harmonics, are input

n n
quantities calculated from the following formulas. Defining certain quantities 6 n

and A n by the equations

27r/9

an 0(27r)-1 T(t) cos (nQt) dt (63)

0

and

A n =(2r)- S2 T(t) sin (nQ2) dt ,(64)

0I

where the time integration extends over 24 hr beginning at 1200 (noon) local time,

gives

T* =(2 , a2) (65)n n n

and

-r n tan-1 (An/6n) (66)

It is assumed that the meteorologist who is using the sea-breeze program can iden-

tify those measurements which can lead to the designation of the temporal behavior
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of the temporal differential T(t). It should be understood that the time. t, used in 3
the sea-breeze calculations is always relative to local noon time,

Besides the inherent physical parameters just described, there is one other 3
parameter, related to the compatibility of the geometric description of the sea-

breeze coastline to the computer program grid structure requirements, which must

be discussed. It is anticipated that in any real situation a well-defined coastline

length Ly will exist for the sea breeze. Thus, Lx, Ly, and 0, the angle describing

the orientation of the sea-breeze coastline with respect to the y-grid axis, Yg, es-

tablish the horizontal configuration of the sea breeze.

For computational purposes it is necessary to render the sea-breeze geometry I
compatible with the (X , Y ) grid structure. This necessitates redefining the extent

of the sea breeze over the area bounded by the dashed lines (in Figure 12) with maxi-

mum and minimum values given by Y max Ymin' Xmax' and Xmin' which are deter-

mined by eF,+ohlishing the geometric center of the sea breeze, Lx, Ly, and 4. How-

ever, the L.lc'.iated values of the wind field are strictly defined over the domain of

sea breeze as determined by Lx and Ly and x-y coordinate system, Thus, we must 3
extrapolate the calculations into the stipled and hatched areas. Since the shore-

line is assumed infinite in extent, it is theoretically permissible to use the cal-

culated results, as they are, to determine the wind field in the stipled area. On

the other hand, the extrapolation of the results for values of I xi > (Lx/2) is not im-

mediately obvious, but nevertheless can be achieved by interpreting the sea breeze U
as a circulation cell located in a continuous chain of circulation cells. However,

this is only an approximation, arising from lack of a better method for attacking 3
the problem. The degree to which this approximation may be meaningful is un-

resolved, although there is evidence to suggest that compensating air currents flow i

in regions adjacent to the sea breeze. If the sea breeze were really a single cell in

a chain of circulating cells, then the sea-breeze equations as already derived would

suffice to determine the wind field beyond Ixi > (Lx/2) because of the x periodicity

of the system. To incorporate the idea of the circulation cells, and at the same

time provide enough flexibility to account for departures from the idealiztion, we I
have decided to define the wind field in the hatched region by the relationship

V(x,y,z,t) = Vc(x, y,z,t) exp _ka[Ixi - (Lx/2' -,
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Figure 12. Geometric Considerations Related to the Sea Breeze

where V is the calculated wind field in vector form whose x, y, and z components

are given by Eqs. (60)-(62), and ka is an attenuation factor. The case k = 0 cor-a a

responds to the idealized circulation cell system, whereas large values of k cor-
a

respond to attenuated adjacent circulation cells. The computer program is con-

structed so that the present method of extrapolation can be changed at a later date.

ka is an input parameter which must be specified by the user.
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Transport in a Macrowind Cell

Particle velocity for all particle transport is assumed to be given by the wind

velocity (three dimensional) at the particle position minus the still-air particle

settling rate. Within macrocells, particle trajectories are taken as straight lines;

therefore, particles can be moved from one boundary to the next in one computa-

tional step. Such boundary-to-boundary transport is illustrated in two dimensions

in Figure 13, which also shows the boundaries of one local cell superimposed on

the macrostructure. In more detail, when a particle intercepts the boundary of a 1
macrocell, the computations proceed as follows. We obtain the particle velocity

components normal to the boundary planes of the wind cell. We then compute the 3
time at which a boundary intercept would occur in each of the (three) component

directions. The earliest of these (three) intercepts indicates the time of exit and

the coordinates of the exit point are computed. Transport of a single particle

II

I

-=X __ I

Figue 13 Boudar-toBondayTasotadaMutiX

IFigure 13. Boundary-to-Boundary Transport and a Mountain
Wind CellI
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through the compartmented macrowind field is merely an iteration on this *'Igle

particle - single cell logic. During a calculation, complete trajectories are com-

puted serially for individual particles between major time, or topography boundaries,

or both. The exact natures of these boundaries are discussed later.

Transport in a Local Circulation System

When a particle passes into a local circulation system cell the mode of trajec-

tory calculation changes from that used in the macrowind-field cells. Within local

circulation system cells it is possible to calculate unique wind field velocities at all

points. For this reason particle trajectories are computed from the particle veloc-

ity equations using point-slope numerical integration with a constant time step. The

method is as follows. Suppose after n time steps the particle is at location (xn, Yn' Zn)

and has velocity (v n vyn v ). Then to determine the position of the particles
x n ,n z,n

at the n + ith time step, for example, in the x direction, we perform the computa-

tion Xn+1 = Xn + vx,n At (it is repeated for the other directions). The magnitude of

At is determined by the user. The point-slope method of integration, including re-

striction on values of At, is discussed by Milne. 7

Temporal Variation of the Wind Field

Temporal variation of the wind field is achieved by periodically replacing the

entire wind field description data set. The period of data replacement is variable

and each replacement interval is specified by the user.

Topography Description

Three different methods of specification are available. First, the user can

specify a planar deposition surface at any altitude for use in areas not covered by

local circulation cells. Alternatively, a system has been provided to allow the

user to specify the topography in a piecewise-planar manner such as that illustrated

in Figure 14. A grid system that can be subdivided indefinitely to yield any desired

resolution of detail is used to achieve the desired resolution without the excessive

redundancy of a strictly regular grid. Within local circulation cells other topo-

graphic descriptions must be used. For instance, the topography of mountains
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Figure 14. Piecewise-Planar Topography Specification Below the
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covered by a mountain wind model ceAi is described by an analytical mountain shape i
function. There is no provision in the model to account for shielding effects of

highly variable terrain. Additional details are given in the User Informationi
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COMPUTER PROGRAM OUTLINE

Description

In its initial form the DELFIC system is designed for execution on the IBM

7094 computer via the IBSYS-IBJOB processor, and the "overlay" feature is used

to control the input sequence of major sections of the system. To facilitate dis-

cussions of the programs, we have assigned the executive programs of each major

section the names LINKI, LINK2, . .. , which are more-or-less indicative of their

positions in the computation flow sequence. The Transport Module essentially con-

sists of three such major program sections:

LINK5 Initialization and control

LINK6 Wind-field description

LINK7 Particle transport.

Figure 15 shows the arrangement in which the computa ions required during

the transport period are grouped for execution. Note that final exit from LINK5,

the transport executive, is made to a program called LINK8 - the output processor.

Figure 16(a) is a flow chart of the general program logic of the Transport Module.

This simplified representation shows in some detail the hierarchy of computation

loops that make up the transport logic. A simpler representation of this hierarchy

is given in (b) of Figure 16, which shows a nested set of five loops. In the outer-

most loop, there is a test to determine if the specified temporal extent of the trans-

port has been achieved; if not, an updated version of the wind-field description is

computed. In the next lower hierarchy level a part of a multipart wind field de-

scription is brought into the computer (if a multipart description is in use) in order

to transport particles which have gone beyond the in-core part of the description.

In the third level of the hierarchy the topographic description is treated like the

multipart wind description (if required). In the particles aloft list loop individual

particle descriptions are given sequential attention, and in the actual transport code

the individual fallout particle is transported until it reaches either the ground or

some boundary at which in-core data are insufficient to move it further.
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Figure 17 represents schematically the flow of information from secondary (tape)

memory to primary (core) memory and back during an extensive run of the trans-

port program. Using Figure 17 as a guide, let us consider the sequence of data

flows.

Initially, only the particles (input) and topography tapes contain any information, 5
and only the transport codes themselves are in primary memory. The initialization

and control program (LINK5) reads identification information from the particles

(input) tape, writes comments on the system output tape, and then, if required,
,

loads the topography arrays from a previously prepared topography tape. At this

point the wind-field description program (LINK6) is called and a wind-field descrip- 5
tion is generated. This description is generated directly (and completely) into the

wind arrays in primary memory by the current versions of LINK6. However, if 5
future requirements warrant, a modified version of LINK6 can produce a more

extensive description of the wind field and be forced to store part of it on tape. In 3
either case, when LINK6 is completed, the wind arrays are loaded and a "map" of

the wind tape (if any) has been produced and stored in primary memory.

Next, we enter LINK7, the actual transport program. and read a part of the

particles (input) tape into primary memory. The particle descriptions are then

transported one at a time until one of five possible conditions arises. These

conditions, which may be thought of as boundaries, are,

1 The particle drifts beyond the area for which a topographic height

has been specified in core. Inthis case the particle's description

is marked so that it will be eventually written onto the off-topo tape

2. The particle drifts beyond the region for which the wind velocity field

has been specified in core. In this case the description is marked

to go on the out-of-wind-field tape.

A special program has been written to aid the researcher in preparing topo-

graphy tapes from topographic maps or other sources (see Appendix C). The user
may, however specify a planar topography and bypass the use of a detailed topo-
graphic tape,
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3. The particle encounters neither of the previously mentioned 5
boundaries and is still aloft at the time when the wind-field

description must be updated to achieve discrEte temporal

variability of the wind field, In this case the description is

marked to go on the time boundary tape.

4. The particle becomes grounded on the topography. In this

case the particle description is marked so that it eventually

is written on the program output tape which is used as an

input to the output processor.

5. The particle drifts beyond the entire secondary as well as I
primary memory region of specification for either topography

or winds In this case the particle is labeled as a "lost 3
particle" and it is removed from the transport process.

When the entire block of descriptions has been read into memory and processed the i

next block of particle descriptions is read into memory and processed. After all

particle descriptions on the original input tape have been processed treatment of i

the data (if any) on the three recirculation tapes begins. First, if any descriptions

were written on the off -topo tape, a new block of topographic data is read in and 3
the off-topo tape is put into the position (symbolically) of the original particles

input tape. Processing continues as before, and eventually the condition will ob-

tain that at the end of a pass no descriptions will be found on the off -topo tape

Under this condition we next consider the out-of-wind-field tape in a manner

analogous to "off-topo. " The treatment given to the time boundary tape is similar, 3
but when all particles that are still aloft are on the time boundary tape, a new

description of the wind field must be computed. Before each call of the wind-field 3
program (LINK6) a check is made to see if the transport time limit has been

exceeded, and if it has been, a termination procedure is executed to record the 3
final status of memory.

Table 1 is a summary of the 14 programs of the Transport Module. Detailed 3
discussions of these programs are given in the next section.

4
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TABLE 1

A SYNOPSIS OF THE PROGRAMS OF THE TRANSPORT MODULE

Name Called By Purpose

LINK5 Executive Program M3* Transport initialization and control.

RDTOPO LINK5 and LINK7 Reads a block of topographic data into core memory.

LINK6 Executive Program M3* Calls subroutine MKWIND

DUMPP LINK5 and LINK7 Makes room in the particle array for a block of N new
particle descriptions by writing a set of particle
descriptions onto some memory or output tape.

MKWIND LINK5 Updates entire wind field description directly into the
common wind field arrays of the Transport Module. It
accepts many wind vector data and computes a spatially
variant wind field description by a number of different
methods such as:

1. Assign to the wind grid point the vector
at the nearest data points

2. Assign to the wind grid point a distance
weighted average of the vectors at the N
nearest data points

3. Fit a linear model to the N nearest data
points by least squares and use that model
to assign the vector to the grid point

Provision has been made throughout the programming for
the eventual inclusion of a system for the use of a volumi-
nous wind field description recorded on and retrieved from
a secondary memory system such as magnetic tape or disk.

RDCIRS MKWIND Reads data which describe any local circulation system
which may exist. These data state the size and location of
each local circulation cell and identify the computation

program which is to be used within each cell.

LINK7 Executive Program M3 Transports all input particle descriptions through the
specified wind field.

FALRAT LINK7 Computes settling rate for a particle as a function of
particle size and altitude.

HEIGHT LINK7 Retrieves the height of the topography for the position of
the current particle from the topographic data arrays.

LOTRAN LINK7 Transports a particle within or above a local circulation
system cell.

MTWND1 LINK7 and LOTRAN A dual purpose subroutine which (1) reads the data that is
needed by the MTWND1 (mountain wind) program
and carries out those computations that are invariant with
position, or (2) computes wind vectors at specified positions
within the MTWNDI cell.

RGWND1 LINK7 and LOTRAN Like MTWND1 but for the analytical ridge wind
model.

CBREZI LINK7 and LOTRAN Like MTWND1 but for the analytical sea breeze wind
model.

GETWND LINK7 and LOTRAN Retrieves the appropriate wind vectors from the macro-
wind-field description arrays.

See DASA-1800-VII (Operator's Manual).
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Program Discussion I
In this section we present a detailed description of each of the executive

programs and subroutines of the Transport Module Each program description

is headed by the program name, its call list (if any), and flow chart (FC) number-

Subroutine FALRAT (ALT, PSIZE, FV, ATEMP, RHO. FROG, ISOUT•(FC-1)

This subroutine computes the settling rate of a particle at height ALT in an 5,
atmosphere for which the density and dynamic viscosity are tabulated in arrays

RHO and ATEMP respectively.. These tabulations must be for 200 m intervals

starting from 1000 m below MSL. t Fall rate equations derived by Davies2 are

used All units are in the meter-kilogram-second (inks) system except for PSIZE,

the diameter of the particle, which is in microns. and FROG, which is the pre- I
computed product 4/3*g*ROPART*10- 8 where ROPART is the density of fallout

particles (inks) and g is the acceleration of gravity (mks), 9
CD2

The Davies equations which are functions of the quantity CDR are valid overseaaerngso D2. 2 =
separate ranges of C D R2  The separation occurs at CDR = 140 An overall7D

upper limit of CDR2 = 4. 7 x 10 is imposed by Davies for the validity of his

equations. However, for lack of an appropriate substitute for use in computing the 5
settling rate for particles which exceed this limit, we have chosen to use Davies

equation for cases where CDR2 > 4.7 x 107 The program will record an indication 5
that the limit was exceeded for each case encountered

The computation proceeds in the following manner. After locating the particle

in one of the atmospheric layers, t the program computes CDRR(CDR 2 ) and several

intermediate parameters Next CDRR is tested to determine which expression is

to be used for the terminal velocity-, If the upper range is used, a check is made
7to determine if CDRR > 2 7 x 10 . If this is so, the printout "DAVIES EQUATIONS

ARE INACCURATE FOR PSIZE MICRONS AT ALT METERS" is made. PSIZE An
refers to particle diameter in microns and ALT refers to particle altitude in meters

Then, the settling rate of the particle, FV, is computed Finally, a drag slip 5
correction in the form of Cunningham's factor (see Appendix B of Ref 1) is applied

to FV and control is returned to the calling program i

*

There are numerous error checks throughout the programs that result in
calls to subroutine ERROR when termination is required A full description of
subroutine ERROR is included in DASA-1800-VII (Operator's Manual)

t The atmosphere structure defined for the cloud-rise computations is used
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START,

I 0ALT +6.5

V0 - PSIZE/ATEMP([)
V1 = PSIZE * V0 * FROG
CDRR - V1 * RHO{I1 * V0

NO

YES

PRINT: DAVIES EQUATIONS ARE INACCURATE
FOR PSIZE MICRONS AT ALT METERS.

200

FV1-V (41666. 7 + CDRR *(233. 63 + QLOGA = logiS (CDRR) - 20. 773
CDRR (2. 0154 - 0.0069105 * CDRR))) FV = 50657. 0 * VI * CDRR ** ((QLOGA * QLOGA -

443.98) * 0.0011235)

FV. FV(1.0+ 0.233F PSIZE * RHO([))

ERETURN

FC-1. Flow Chart for Subroutine FALRAT
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Subroutine DUMPP (FC-2 and FC-3) 5
This subroutine along with parts of the main programs of LINK5 and LINK7

manages the system of primary (core) and secondary (tape) memory that is used to 5
record descriptions of particles (central particles of cloud subdivisions) during

transport. DUMPP serves to select and write one or more of the subsets of the

particle descriptions (defined in Table 2) in primary memory onto some secondary

memory or output tape and thus to make room available in primary memory. As

one of its inputs DUMPP accepts the number (N) of particle descriptions for which

room must be prepared in primary memory, It does not return until at least N

blank lines have been made available in the top (low-numbered end) of the particle 5
description arrays. DUMPP begins by selecting for dumping onto tape that set of

particles which is considered best from the point of view of machine efficiency. In

general, the largest set is considered to be best to dump because of the time re-

quired to put a tape drive into motion. However, an exception is made for the class

of grounded particles, since they will be written on the transport-output tape

(IPOUT) and will never be recirculated into the primary memory; therefore, when-

ever dumping the set of grounded particles would make sufficient room available

(counting those lines that are already blank) for N incoming particle descriptions,

the set of grounded particles is dumped. Before the actual dumping occurs, the 3
particle description in core storage is reordered so that all descriptions to be

dumped are located in a solid block beginning at the top of the particle descriptions 3
array, and all particle descriptions that are to remain in core are moved below

this block. The dumping operation then is executed, and finally a block of blanks

(empty spaces) large enough to receive the incoming particles is prepared at the

top of the particle descriptions array.

The main transport loop (in LINK7) passes sequentially across the list of

particle descriptions which consist, for the Jth particle, of three spatial

coordinates XP(J), YP(J), and ZP(J); a time coordinate TP(J); a particle size I
PS(J); and a mass per unit area FMAS(J). At the end of its pass the main transport

will have marked each of the descriptions to indicate its membership in one ofI

the five classes listed in Table 2. To avoid the use of another array of data, the

sign bit of FMAS(J) and the sign and magnitude of the time coordinate TP(J) are 3
used to record the class of the description as indicated in Table 2.
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Referring to the general
TABLE 2 and the deailed flow charts of

PARTICLE CLASSIFICATION IDENTIFIERS USED BY DUMPP

subroutine DUMPP (FC-2,
Class FMAS(J) TP(J) JTESTI and FC-3, respectively), we

Blank 0 Not Used shall next consider its opera-
Grounded particles -FMAS(J) -TP(J) I tion. First by comparing N,
Lost particles. These are particles -FMAS(J) TLIMIT 2 the number of incoming parti-
that have gone beyond the complete
wind field or topographic description cle descriptions, with NFREE,

Topography boundary particles. +FMAS(J) -TP(J) 3
These are particles at the limit of the current number of blank
the in-core topography

Time boundary particles. These are +FMAS(J) ENDTIM 4 lines in the arrays, we can
particles at the time limit for the
in-core wind field immediately determine whether

Wind-field boundary particles. These -FMAS(J) +TP(J) 5 any descriptions must be
are particles at the spatial limit of the
in-core wind field dumped. If none need be

dumped, we set JTEST = 0 to

indicate that no blanks are known to already be at the top of the particle arrays and

then transfer to 152 where the needed number of blank lines are brought to the top

of the arrays from wherever they may be within them. If some particles must be

dumped, we transfer to 151 to determine which set to dump.

At 151 we determine if the number of particles in the grounded set plus the

number of blank lines in total provide enough space for the block of N particles

which are to come in. If they do, we set the parameters JTEST = 1 and JTEST = NG

to indicate respectively the class of particles to be dumped and the size of that class.

Then a transfer is made to 18 where other preparations are made to carry out the

dump. If a larger dump is required to yield N empty spaces, the set with the largest

membership is selected and JTEST1 (see Table 2) and JTEST are set appropriately.

At 18 a safety test leading to an error stop is carried out followed by a thres-

hold test on the size of the set to be dumped. Because a limit exists on the size of

any particle block read by the output processor (see DASA-1800-VI), and also be-

cause we must impose block size control to allow for recirculation of data during

transport itself, a maximum block size is defined within the LINK5 program. No

block larger than NBMAX will be written by DUMPP.
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At 181 the program branches, on the basis of the class of particles to be

dumped (JTEST1), to a code that appropriately sets a group of assigned go-to

statements and tape name parameters for use within the code that actually selects

particle descriptions. Also at these points, the appropriate class count (NG,

NLOST, NTO, NTI, or NW) is decreased in accordance with the number of des-

criptions about, to be dumped,.5

At 99 a one-line summary printout of information on the particle block to be

dumped and of the particle counts is executed. Specifically, this output consists

of the following data in order of printing from left to right: JTEST, JTEST1, and

the current (predump) values of the in-core counts for blanks, grounded particles,

lost particles, topography boundary particles, time boundary particles, and wind-

field boundary particles. Then we set certain parameters that are used within the

loop that actually sorts the particles to be dumped into the top of the particles array.

That loop, beginning at 98, first classifies a line in the particle array into one of

three classes: blank, to be dumped, or not to be dumped Classification is done by n

a set of assigned go-to statements. After this three-way classification, various

actions occur in such a way to provide the needed sort into a contiguous block with 5
something close to the theol-etically minimum number of %%ord movements- The

particle classification and sorting code is logically complex and should be modified

only with great caution,

At 1102 the sort is completed and all class indicator signs are set positive in

preparation for actual dumping, In the case that lost particlds are to be dumped,

the control parameter IQ(8) is tested to determine if printed listings of lost parti- [

cles are requested. If IC(8) = 0, the lost particle count and particle descriptions

(XP, YP, ZP, TP, PS, and FMAS) for the complete block are written on the IBSYS

output tape, for printing, If IC(8) A 0, this printing is deleted In any case, no further

dumping action is required for lost particles. For all other classifications of parti-

cles, the block of particle descriptions is written on the appropriate binary auxiliary

tape following its block count.

At 154 additional sorting is done, if necessary, to prepare a solid block of blanks

at the top of the particles description array that is large enough to receive the incom-

ing block of particle descriptions This is done by interchanging locations of particles

that lie above the block boundary with blanks that lie below it.
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FC-2. Organizational Flow Chart for

Subroutine DUMPP

51

< BE LET> N



MUST

YES

MAKE SUFCIN 184M 7734 CALL PREPAR TODUMBLOC OFN ICOMNG ROUDEDPARICL
PARTCLES DECRIPION

YES TESTI m JTET- N
(NFREE+ N) ?

NOa

FIND HE IDNTIT
FC-3T 1)ADealdFoChrsfrSbotnDU P

52E(TST FT4



z0

0,0

P44

Q)

zC

~0

.0 0
2z 0.

z C.)

0

F. 53

LF



INITIA LIZ E FOR
BLOCKING SORT

IRSET -0
ICON -0

JB - NALOFT
JT -1 J-JB

WRITE OUT A
OtUMP SUMMARY

RECORD

98

ON FlAS( d

/ 300
GO TO N3 - OTON/ - oN.L

SO BRANCH O N

//P -TL/I OTP(J) + NNTI TPV -N ND
0 0/ / 0

A0 0

I / I

-- N GO/TO GOTO

\ / 1

II\X/ -

// /I

/ I

GOOBLANK
10TO BE 42 NOT TO

DUMPED BE DUMPED

(c)

FC-3. (Continued) Detailed Flow Charts for Subroutine DUMPP
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I Subroutine tll)TOPO (no flow chart)

This subroutine is used by both LINK5 and LINK7 to read topographic data

fronm, the topographic data tape IHTOPO. The contents of tape IHTOPO are

described in detail in the User Information section, and the FORTR•AN variables

3 referred to below are defined there.

For each block of topography data to be read, subroutine RDTOPO checks the

values of II, Jj, and KK to determine whether they are within the prescribed

range of values to avoid the possibility of an overflow in core storage beyond the

space reserved for the arrays. If an error is found, the comment--INCORRECT

TOPO TABLE OF CONTENTS -is made and execution of the run is terminated.3 If satisfactory values of II, JJ, and KK are found, the arrays S and SUBSID are

read into core memory from tape IHTOPO, and control is returned to the calling

3 program.

Subroutine LINK5 (PC-4 and FC-5)

3 This program acts as an initializer and controller for the Transport Module.

Upon the first entrance to LINK5 it initializes parameters and reads the following3 information from the IBSYS input tape: a transport identifier, transport control

data (array IC(J)), and the transport time limit (TLIMIT). Based on the control

data LINK5 next rewinds only those tapes that may be used during transport. If

a piecewise-planar topography tape is to be used, its identifier is next read and

checked. If the wrong tape has been mounted, a comment is written and the

program awaits operator action before trying again. Next, the tape of particles,,

IPARIN, ready for transport is checked in a manner similar to that used on the

3 topography tape. When found to be correct the program next reads from this tape

(IPARIN) a number of data sets that are needed by either transport or the output

3 processor, or both. Included in these data sets are: detonation parameters; the Cloud

Rise-Transport Interface Module run identifier;the cloud-rise identifier; the detonation

identifier; the fallout particle density; tabulated distributions of particle mass,

activity (optional), and surface-to-volume ratio as functions of particle diameter;

and a tabulated atmospheric description that consists of viscosity and density

versus altitude.

* Tape IPARIN has been prepared by the Cloud Rise-Transport Interface Module.

See DASA-1800-IlI.
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Next: a parameter (FROG) is computed that is required by the particle setting3

rate computations (subroutine FALRAT). Then if a piecewise-planar topography

tape is not to be used, a height is read and stored for use as the height of a fully

planar topography and a transfer is made to statement 205 where wind data are read. I
On the other hand, if a piecewise-planar topography is to be used, its identifier and

table of contents are read from the tape IHTOPO, The parameter HTOPO is set at 3
the highest topographic height on the whole tape and the first topo data block is read

by calling subroutine RDTOPO, 3
At 205 the program reads a wind-field data set identifier from the system in-

put tape and transfers to the transport output tape (IPOUT. all identifiers and 3
descriptive tables required by the output processor. Next LINK5 prints a title page

for the transport run including identifiers and atmospheric data and then transfers 3
to 200 where the transport executive begins.

Statement 200 is the place to which control is immediately transferred upon 3
any entrance to LINK5 except for the first, At 200 TLIMIT and ENDTIM are

compared to determine if the processing of the Transport Module has been com-

pleted. Note that transport is considered to be unfinished so long as ENDTIM, the

time at which the current wind field must be updated is not greater (later) than the

user-specified time of transport cutoff (TLIMIT), (ENDTIM is initialized to 0. 0 on

the first pass through LINK5. It is assigned its true value by the wind description

program MKWIND which is called by LINK6, subsequent to LINK5, when LINK5 has 3
set IEXEC = 1 at statement number 400, )

When transport has been completed, LINK5 sets N = NALOFT and calls DUMPP 3
to dispose of any particle. descriptions that may remain within core memory, Next.

if any particles remain on the time boundary tape they are read in and printed as 1
lost particles for the benefit of the user, Finally at 501 the terminating zero is

written on the transport output tape (IPOUT)., the comment - TRANSPORT IS 3
COMPLETED, etc, -is written and the executive control word IEXEC is set to

zero to cause a transfer to LINK8 of the Output Processor Module (see DASA- 3
1800-VI.

3
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3 FC-4. General Flow Chart for Subroutine LINK5
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FC-5. Detailed Flow Charts for Subroutine LINK5
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FC-5. (Continued) Detailed Flow Charts for Subroutine LINK5
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FC-5. (Continued) Detailed Flow Charts for Subroutine LINK5
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FC-5. (Continued) Detailed Flow Charts for Subroutine LINK5 3
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Subroutine LINK6 (no flow chart)

This program merely calls subroutine MKWIND, the wind-field description

subroutine. It has been left as a separate subroutine in anticipation of its use as a

branch point to select the desired program to be used for the wind-field description.

Subroutine RDCIRS (FC-6)

The purpose of this subroutine is to read a set of data which describes the

geographical limits of the area covered by each of the local circulation systems

that are to be used within the transport. Also, the identification number (NCRTYP(K))

for the computation code (local circulation model) applicable within each of the local

circulation cells is read. At the time of this writing only three types of local cir-

culation systems are used:

Identification
Number Program to be Used Model

1 MTWND1 Mountain wind

2 RGWND1 Ridge wind

3 CBREZ1 Sea breeze

The data are read from the IBSYS input tape, one card image at a time, with

all data pertaining to the Kth local circulation area appearing on the same card. A

count of card images read is accumulated in variable K and reading is terminated

whenever a blank card (NCRTYP(K)= 0) is encountered. At this time the number of

local cells for which data have been read is stored in NLOCIR and a return is made

to the calling program. An error stop occurs whenever a circulation code identifier

(NCRTYP(K)) which is either negative or greater than 5 is encountered.

Subroutine MKWIND (FC-7 and FC-8)

This subroutine forms and stores in core a horizontally and vertically variant

wind description on the basis of inputs from the IBSYS input tape. Inputs are as

follows:
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CALL
ERROR
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FC-6. Flow Chart for Subroutine RDCIRS
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1. Control variables ENDTIM, which gives the time at which

wind field to be constructed from the following data ceases

to be valid; ALPHA and BETA, which are weighting param-

eters to be applied to vertical and horizontal distances (see

Eq (21) ff. ); NN, which specifies the number of nearest

vectors to be used in estimating the wind vector at a grid

point; and NCODE, which identifies the desired computational

option,

2. Specifications for constructing the wind-field grid for the

Jth vertical stratum in the form BOTHIT(J), WGRINT(J),

WLLX(J), WLLY(J), WURX(J), and WURY(J); BOTHIT(J)

is the height of the bottom of the Jth stratum, WGRINT(J)

is the grid interval to be used in the Jth stratum, and

WLLX(J), WLLY(J), WURX(J). WURY(J) are lower left

corner and upper right corner limit coordinates. Note that

each stratum specification is independent of all others. The

specification input is terminated when a value BOTHIT(J)_>

999999. 0 is encountered.

3. Wind vector data from which the wind field is to be constructed:

ZS(K), XS(K), YS(K), SX(K), SY(K), and SZ(K); ZS(K) is the

height of the Kth vector, XS is the east-west coordinate of

the Kth vector, YS is the north-south coordinate of the Kth

vector, SX(K) is the eastward component of the Kth vector,

SY(K) is the northward component of the Kth vector, and

SZ (K) is the upward component of the Kth vector. The

vector reading operation is terminated when a value

ZS(K) > 999999. 0 is encountered.

A wind-field tape IS NOT WRITTEN by this program. Flow chart FC-7 is a

functional flow chart of this program that shows how the four available computation

options are arranged to use much of the same code. Flow chart FC-8 presents

the details of the subroutine and may be used to follow the ensuing discussion.
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i
i
3 In the beginning the parameters ENDTIM, ALPHA, BETA, NN, and NCODE

are read from the IBSYS input tape. If NN is zero or negative, an error stop is.

printed and the program terminates; with NN positive, the program transfers con-

trol to 2041 where it begins reading the deck of data in which the user specifies the

wind-field subdivision structure that he wishes the program to use. This reading

operation continues until a card having the value 999999. 0 in the field BOTHIT(J) is

encountered. If such a card is not encountered before more than NSTRAT (speci-3 fied in LINK6) cards have been read, an error comment will be written and

processing will be continued. When the deck ending card (BOTHIT(J) = 999999. 0)3 is encountered, the variable JTOPJ is set to the number of stratum specifications

that have been read. At statement 1054 the data just read are arranged into ascend-

ing order of stratum base altitude (BOTHIT(J)) by a pair comparison replacement

sort. If during the sort two specifications are found for the same altitude, a comment

* is printed and an error stop occurs.

When the program reaches statement number 1055 the sort of stratum speci-

fications is complete and the program begins to read a deck of wind vector data.

U• This read operation is of the same form as the read of stratum specifications, but

the count of data vectors is recorded in the variable JTOPV. If at the end of the3• vector-read operation the number of vectors read does not exceed NN, the speci-

fied number of nearest data vectors to be used in the computation of each wind cell

vector, NN is reset to JTOPV and the computations will continue after a comment

is written.

The use of NN with the preferential weighting method is somewhat redundant

in that the weighting procedure automatically limits consideration to only thoseIobservations that lie within specified distances, horizontal and vertical distances
being specified independently of the wind-field grid points. Normally one should
specify NN to equal the total number of input wind vector observations when the pre-
ferential weighting method is used. In any case, only the NN wind vectors closest
to each grid point will be used in determining each wind field vector.

ii
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Continuing from statement 106, the program determines if 0 < NCODE < 6 and, 3
if so, branches on NCODE to make preparations for further processing by the

chosen computation method (see flow chart FC-9 and Table 8). After all transfers

are made to an available computation method via NCCODE, control eventually returns

to statement 115.

At 115 initializations are made for a loop that will fill in sequentially all of the

wind cells of the specified strata and will record the vector values in the arrays

VX(J), VY(J), and VZ(J). The storage index of the first entry in the wind-field

description arrays for the first stratum is set at 1 (i. e. , IBADD(1) = 1), the stratum

index JW is set at 1 to designate the first and lowest stratum, and the vector 3
storage index, K, is initialized at 0.

At 1151 IL(JW) and JL(JW), the number of wind cells in stratum JW in the X I
and Y directions, respectively, are computed. The constant 0. 9999999 is added

before truncation of the floating point value to an integer to insure that the cells i

will always cover the complete area specified by the user. Next, further initial-

ization occurs and the grid point coordinates XG, YG, and ZG are set at the center 3
of the first cell of the stratum. Note that special treatment must be given to the Z

coordinate of both the top and bottom strata. i

At 1158 the program begins to set up the array NAD, which is used to store ad-

'-ess indices of wind data vectors that are nearest neighbors to a particular wind 3
field grid point. It first sets all NAD(J) = J, J = 1, JTOPV, to provide indices for

the full set of data points and to provide an initial set of nearest data points. Note

that in the beginning the NAD do not reference data vectors in order of increasing

distance from the grid point (XG, YG, ZG), but merely provide an initial input to a

sort procedure that will provide such an ordering. Initially, we set NADT, the 3
index of the NAD representing the data vector which is the most remote (from the

grid point) of the nearest NN vectors, at 1, since prior to the first pass through the 3
distance sorter all NN data vectors are equally likely to be the most remote of the

set. 3
Next, in three DO loops ending at 199, 201, and 202 we compute weighting

factors related to the vertical and horizontal distances between the current grid 3
point and each data vector point, and store the result as a measure of remoteness

I
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in the array D2(J) which is parallel to the data vector arrays. We attempt to

minimize computation by keeping weighting factor components in parallel arrays

DY2 and DZ2 during the evaluation of a wind field.

After 202 we find the address of and distance to the most remote point (from the

grid point) of the currently specified NN "nearest" data points. (These are the

points whose addresses (indices) are given by NAD(1) through NAD(NN). This

maximum distance is stored in the word DM and NADT is set such that DM

D2(NAD(NADT)).

At 2072 we may scan the data vectors that are not within the set of nearest

NN to ascertain that there is no vector nearer than the most remote of the nearest

NN. If one is found, its address must be inserted in the place of the most remote

and adjustments made to NADT and DM. (This somewhat obscure procedure is in-

tended to achieve efficiency by making extensive use of the strong correlation that

will exist between the interpoint distances in the array D2 as the calculation

progresses from one grid point evaluation to the next. ) At the end of this pro-

cedure (after 2073) the nearest NN data vectors have been located and their addresses

are recorded in NAD(J), J = 1, NN.

The grid data storage index K is next incremented and a second branch is made

on the basis of NCODE.

If NCODE = 4, we branch to the least-squares method which uses the NN near-

est data points under the restraint that NN > 4. Rectilinear coordinates of the points

are determined with respect to the grid point at which we wish to calculate the wind

field. Next, the elements of the normal equations matrix are computed and the

complementary minors B1l, B21, B31, and B41 are determined. If BB, the

absolute value of the largest of the four products of the cofactors times their

corresponding matrix elements, is not less than 10-20, the determinant BBB is

computed and the ratio B i is less than or the ratioBisfoud.-f BBBB 02

JBBB I s less than 10- , an excessive number of significant figures are lost in the

least-squares calculation for this particular grid point (i. e., the normal equations

matrix is essentially singular), and the code prints this information and then branches
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to the preferential weighting method (as though NCODE = 1). If neither of these 3
cases occurs, the wind velocity vectors are computed and stored using index K.

If the preferential weighting method is to be used (NCODE = 1), a transfer is I
made to 2080 where weighting factors are computed and summed for the NN near-

est data vectors. Next (after 214), the three vector components are computed as 3
a weighted average of the vectors at the NN nearest data points and the results are

stored in the arrays VX, VY, and VZ under the index K. 3
The least squares and preferential weighting methods converge again at

statement 2090 where the indexing and control scheme begins. First, the X

coordinate of the current grid point is incremented, and if the new grid point is

still within the desired wind field, the program returns to 2011 to begin the evalua- I
tion of its vector. If the new X coordinate is beyond the wind-field range, X is

reset and Y is incremented and tested. If both X and Y end up beyond the range of

interest, the program moves on to the next higher stratum. When all strata have

been evaluated in full the program branches to 130 where all input data are printed,

and if desired (IC(7)= 1), all computed wind cell vectors are also printed. Finally 3
at 109 a call is made to subroutine RDCIRS which reads a set of data describing

the limits of all local circulation cells and the types of circulation systems within 3
them. Upon return from RDCIRS, MKWIND returns to the monitor so that trans-

port may be continued using the newly updated wind field descripti.'o 3
Subroutine LINK7 (FC-9 and FC-10)

This subroutine is the primary transport program. It accepts a tape of trans- 3
portable particles and transports them, stopping only when it has no more particles

to transport or when a new version of the wind-field description must be prepared. 3
The first action of LINK7 is to interrogate the input parameter IC(6) (see Table 6)

to ascertain whether the transport traces have been requested. If IC(6) < 1, no

traces are printed. If IC(6) - 1, the complete in-core particle arrays are printed

after each block of new particles is read in from tape IPARIN. Each line of this

output consists of XP, YP, ZP, TP, PS, and FMAS. If IC(6) > 1, at the beginning I
of the main transport loop this same information is printed for each particle in I

I
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turn, and in addition after each transport increment the quantities XP, YP, ZP, TP,

TSM, NTI, NG, NTO, NW, NLOST, and IR (see the LINK5 glossary for definition

of these quantities) are printed for each particle. In the execution of the Transport

Module LINK7 is always preceded by a call to LINK6, the wind-field description

generator program. Since the data peculiar to each existing local circulation sys-

tem (as defined by RDCIRS which is called by LINK6) must also be updated before

transport begins, LINK7 first transfers to each of the required local circulation

codes to cause them to read their data. If there are no local circulation systems

in use, or after reading the data for the required local circulation codes, LINK7

continues at statement number 510. There, assignments are made for parameters

IT and ITT according to the value of IC(1) to control the transport of particles as

they approach the topography (see Table 6).

Next, at 1000 the program makes preparations to enter the main transport

loop. IS and IF are set for use as particle index limits of the main transport loop.

If JTIME1 is zero a regular entrance is being made, but if JTIME1 is negative,

there may be transportable particles in the particle arrays left over from the pre-

ceding pass (prior to the most recent updating of the wind field). In the latter case

the main transport loop is entered with index limits set to cover the full particle

array so that all left-over transportable particles will be dealt with.

If JTIME1 is zero or positive (no particles remain at the time boundary), the

program at statement 1112 begins processing transportable particles from tape

IPARIN. Note that the logical tape number recorded in parameter IPARIN is not

always the number of the unit on which the data was originally received from LINK4.

IPARIN always identifies a tape containing transportable particles, but these may

be either the original input from LINK4 or a recirculation of particles that were

written onto some one of the secondary memory units IPAROT, IOWIND, or IOTOPO.

At 1112 LINK7 reads a block count, N, from IPARIN; if N is positive and N particle

descriptions can fit into the particle arrays, subroutine DUMPP is called to prepare

a place for the N particles. The loop index limits are reset to cause processing of

the incoming N particles and the N particles are read from IPAPIN. Finally,

NFREE, the count of empty spaces in the particle arrays, is decreased by N and

control is transferred to 1001 where the main transport loop begins. In the event
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that the block count was zero, the end of the set of transportable particles on IPARIN 3
has been reached and a transfer is made to 100 where preparations are made to

either recirculate data from secondary memory tapes or transfer to the transport

executive (LINK5). At this point LINK5 will either call for updating of the wind

field or for the Output Processor Module,

Continuing this explanation at statement 100 we see that if off-topo particles

exist (JTOP1#0), the program selects the next needed topo file, fetches it from I
IHTOPO, and subsequently returns to the main transport loop (1001) to make use of

the newly acquired topo data.

At 104 a similar treatment is given to particles that may have gone beyond the i
in-core wind field. However, since currently existing wind field programs do not

make use of a tape wind field file, the code beginning at statement 130 will not be

executed.

At 200 preparations are made to return to the transport executive where a I
call is provided for either the output processor or the wind-field program.

The main transport loop (between statement numbers 1001 and 160) uses the

index J to identify the current particle description. It begins by determining if the

current (Jth) particle is to be transported. To be transportable it must be identified 3
by a positive FMAS(J) and 0 < TP(J) < TLIMIT; the program avoids all untrans-

portable particles by transferring immediately to the loop control point at 160 when- i

ever one is encountered,

At 195 NLOCIR, the number of local circulation systems in use, is tested. If 3
any are in use, the Jth particle is tested to see if it is within or above any local

cell, but if there are none in use, this test is avoided. If a particle is found to be 3
in or above any local cell. LOTPAN is called to transport the particle until it passes

beyond the cell's vertical boundary planes. Since a particle may pass out of one

local cell and immediately into another, control cannot be returned to the main

body of the transport loop (at 1950) until it has been ascertained that the particle I
is no longer within or above any of the local cells.

I
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At 1950 arguments are set for a call to subroutine GETWND at 1961. GETWND

gets the macrowind-field vector that applies at the point whose coordinates are in

arguments XX, YY, ZZ. If upon return the index JWAD is set negative, the needed

macrowind data is not available and the particle must be considered lost to the

computation. However, if JWAD is positive, a correct retrieval has been accom-

plished and the program continues to 196.

At 196 the particle settling rate is computed for the current particle by the call

to FALPAT and VPZ is set as the net vertical particle velocity component. Next,

distances are computed from the particle position to each of the vertical planes that

bound the macrowind cell containing the particle. Time of flight is then computed to

the north-south and east-west boundary planes and also to the horizontal plane which

would be first encountered.

At 1711 the time of flight to the first intersection with a local circulation cell is

computed, but note that if NLOCIR (the number of local cells in use) is zero much

code is avoided and a transfer is made directly to 172. In the event that inter-

sections with local cells must be sought, a DO loop sequentially computes the time

of intersection to each of the defined cells keeping track of the time of flight to the

first intersection (if there is one) in variable CIRMIN.

At 172 the program selects the time of flight to the first of all intersections with

boundary planes; if that time of flight is excessively small, special steps must be

taken (at 1811) to assure that program efficiency is not lost. Asymptotic approaches

to boundaries are avoided by never using a time step smaller than EPSIL. Oscilla-

tions at boundaries are avoided by treating the occurrence of two sequential, exces-

sively small time steps as a sign of oscillation and by subsequently avoiding move-

ments to or from the plane of oscillation.

Continuing at 3067 a comparison of particle altitude and maximum topo height is

made and if the particle is above TTOPO, simple linear transport occurs. How-

ever, if particle altitude is below TTOPO, a special loop beginning at 1814 is used

to transport the particle by constant time steps (DTMAC) for the interval TSM or

until impact on topography occurs. It should be noted that the main transport loop
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never moves any particle descriptions within the particle arrays. It does, however,

mark the status of particles within the arrays using the sign of parameter FMAS(J)

and the sign and value of TP(J) in accordance with the conventions described in

Table 2.

Subroutine GETWND(XX, YY, ZZ, JWAD, JW) (FC-11)I

The purpose of this program is to determine the index to be used for retrieving

the macrowind vector that applies at a particle position point XX, YY, ZZ. The

desired index is stored in the argument JWAD upon return. JWAD is set negative

in the event that the point XX, YY, ZZ is outside the volume for which the macrowind

field has been specified.

The computation of index JWAD consists of two parts: first, the computation of

JW, the index of the wind stratum containing the point; and second, the actual

computation of the retrieval index JWAD using information describing the data

structure of the JWth stratum. In the event that it is known that the value of the JW

last computed is still valid, the computation of JW can be avoided. The calling

program must only set the sign of the valid JW negative to cause GETWND to avoid

recomputing it.

The execution of GETWND begins by testing the sign of argument JW. If the I
sign is negative, it is set positive and a transfer is made to statement 270 where

JW is used to compute JWAD. If JW is nonnegative, a two-boundaried binary search 5
is used to set JW. In that search JT is initialized as the index of the top wind layer

and JW is initialized as the index of the bottom wind layer of the whole macrowind 3
field. A test index (JTEST) is computed as the (truncated) mean between JT and

JW and the program determines whether the point is above or below the bottom height

(BOTHIT(JTEST)) of the test index's wind layer. If the particle is above the bottom

of layer JTEST, the bottom index JW is reset equal to JTEST to indicate that the

particle has been found to lie in some layer from JTEST(JW) through JT. Had the

particle been below the test layer, the top index would have been reset to equal the

test index. The algorithm proceeds by converging iteratively on the layer containing

the particle and exits when JT and JW are separated by unity at which point the

particle must be within the JWth layer.

I
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Next, at statement number 270 a check is made to see that the particle is with-

in the bounds of the macrowind field. If it is not, JWAD is set -1 to indicate the

problem to the calling program and GETWND returns. If the particle is in a satis-

factory position, JWAD is computed to locate the desired vector and then GETWND

returns control to the calling program.

Subroutine LOTRAN(J, K) (FC-12)

The purpose of this subroutine is to transport a particle when it is either with-

in or above a local circulation system cell. This program is called from only one

place in the main transport program (LINK7). The call is made from within the

main transport loop but only when it is known that the particle being transported is

either within or above the Kth local circulation cell In the actual execution of

LOTRAN, first an assignment is made on the basis of the type (CIRTYP(K)) of

circulation program that is applicable within the Kth local cell. The purpose of

this assignment is to allow efficient branching to the desired program within the

actual local transport loop. After making the assignment the program branches

to statement number 120.

At statement 120 the particle settling rate for the current particle is computed

and stored in variable FV. Then by comparing the particle Z coordinate (ZP(J))

and the height of the top of the Kth local cell we determine whether the particle is

above or within the local cell. If the particle is above the cell, we wish to transport

the particle making use of the macrowind-field specification. Thus, we call sub-

routine GETWND to retrieve the macrowind vector for the particle position. Then

the vertical particle velocity is computed as the sum of the settling rate, FV, and

the vertical wind component. In order to be able to move the particle as far as

possible in the next step, we must next compute the time of flight to all applicable

boundaries and select the first intercept. These boundaries are an X-boundary plane,

a Y-boundary plane, a plane forming a horizontal boundary between layers of the

macrowind-field description, and the plane forming the top of the local cell.

Having selected the earliest intercept time, the particle is simply transported

for that increment in one step making use of.the macrowind vectors. At this point

the particle will either be going into the local cell through its top, going out of the
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local transport volurmt, or resting at a macrowind layer boundary or the time

boundary. In any case, a transfer is made to statement number 131.

At 131 the program determines whether the particle is still in or above the

local cell If it is not, the program is finished and returns. If the particle is still

in or above the local cell, the time boundary is checked and if not violated a return

is made to the top of the loop at statement 120.

If the particle was originally or is now within the local cell, an ASSIGNED GO

TO is used to transfer to a subroutine CALL statement which transfers control to a

local circulation system subroutine (either MTWNDI, RGWNDI, or CBREZ1). With-

in the local circulation system subroutine the three wind velocity vector components

are computed at the position of the particle and control then is returned to LOTRAN.

The wind vector component is used to transport the particle over one (small) time

step by point-slope integration (see p. 37 ). Particles within the local cell iterate

through the transport loop procedure until they either leave the cell or become

grounded.

Subroutine MTWND1 QJ, K, AX, AY, AZ) (FC-13)

This subroutine, used for the Kth local cell, consists of two logical rot ýs that

serve the purpose of (1) reading mountain wind data and (2) computing the m, , ntain

wind components for the Jth particle at location XP(J), YP(J), ZP(J) after fir ;t

checking for impact on the ground. If impact is sensed, the wind velocity is a.:signed
8

a large downward velocity component, AZ = -10 . The read route, entered when the

sign of the argument J is negative, also serves to precompute constant geometrical

relationships between the unperturbed wind, mountains, and macrosystem so as to

facilitate computation on the compute route. The co.npute route is entered during

actual particle transport when J, now positive, is the argument of the particular

particle being moved.

In the read route, first the coordinates XM(I), YM(I), height H(I), and half-

width A(I) of the Ith mountain are read for each of the I mountains with I ranging

from 1 to NMT, the maximum number of mountains Each mountain is checked

for the ratio, H(I)/A(I), and location within the Kth local cell boundaries of north

(CRMAXY(K)), south (CRMINY(K)), east (CRMAXX(K)), and west (CRMINX(K)).
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The height CRMIT.K.. of the Kth cLil is dlinei• as three times the height of the

tallest mountain The error subroutine is called if a mountain ratio exceeds 0. 6,

if a mountain docs not lie -Aithin the boundaries of the Kth local cell, or if the I
number of mountains exceeds the maximum of twelve mountains allowed in the

Kth cell.

Next the read route computes the geometric center, (XX. YY, ZZ) of the Kth

local cell and calls the subroutine GETWND to retiieve the index JWAD of the un- BI
perturned wind vector at that (XX YY ZZ p location within the macrowind field, A

nonpositive JWAD index will call the ERROR subroutine, Using the stored wind II
components indexed on JWAD the magnitude of the unperturbed wind vector.

UO(K) and its durccuon in the macowind field are computed Constant parameters

used in the compute route are also computed and stored, The local cell identification. 5
the mountains, the unperturbed wind vector and the boundaries of the local cell are

printed out. This ends the read route. 5
The computing route first determines the distance of the Jth particle from the

Ith mountain in terms of a component parallel and a component perpendicular to the 3
direction of the unperturbed wind The analytical height of the Ith mountain at this

particle location is also determined Then. the perturbed wind components parallel,

horizontally perpendicular and vertically perpendicular to the unperturbed wind

vector are calculated. The height and perturbed wind components due to each

mountain are summed and DZ the total analyic height of the mountain, is checkedr

against ZP(J.,. the height ol the particle, to determine impact. If DZ is greater than

ZP(J). the velocity 10. 0. -108 is assigned to the wind However. if the particle

is still aloft the unperturbed wind vector is added to the summed perturbed

components the resulting influence of ali the mountains and the wind-field vector 5
is rotated baek into the macrowind-field coordinate system This ends the compute

route with th .dcsir('d, ,ind components stot ed in variables AX. AY. and AZ. 3
Subroutine P-WWNDI1J. K. AX AY AZ_ 1C4I,1

This subroutine tot the Kth local cell consists of two logical routes that serve 3
the purpose of reading ridge wind data and computing the ridge wind components for

the Jth particle at location XlPf,J,. YPJ,• ZPf,J) alter lirst checking for impact on 3
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(c)
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the ground, If impact is sensed, the wind velocity is assigned a large downward 3
velocity component. The read route, entered when the sign of argument J is minus,

serves to pre-compute constant geometrical relationships between the ridges, un-

perturbed wind, and macrosystem to facilitate computation during the compute route.

The compute route is entered during actual particle transport when J, now positive,

is the argument of the particular particle being moved. 3
In the read route, first the coordinates XM(I), YM(I), height H(I), halfwidth

A(I), and orientation B(I) of the Ith ridge are read for I ranging from 1 to N'PG, the I
maximum number of ridges. The orientation, B(I), of a ridge is defined as the

clockwise rotation of the ridge in radians, where zero radians indicates a ridge 3
oriented north-south, Each ridge is checked for the ridge ratio, H(I)/A(I), and for

location within the Kth local cell boundaries of north (CRMAXY(K)), south 3
(CRMINY(K)), east (CRMAXX(K)) and west (CRMINX(K)). The height, CRUHT(K),

of the Kth cell is defined as three times the height of the tallest ridge. The error

subroutine is called if: a ridge ratio exceeds 0. 6, a ridge does not lie within the

boundaries of the Kth cell, or the number of ridges exceeds the maximum of twelve

ridges allowed in the Kth cell. ,

Next, the read route computes the geometric center (XX, YY, ZZ) of the Kth

local cell and calls the subroutine GETWND to retrieve JWAD, the index of the

unperturbed wind vector at that (XX, YY, ZZ) location within the macrowind field.

A nonpositive JWAD index will lead to the ERROR subroutine. Using the stored 3
wind components indexed on JWAD, the magnitude of the unperturbed wind vector,

UO(K), and its direction in the macrowind field are computed, Constant geometrical 3
relationships between wind vector components (UO(K)), the macrowind field, and

the orientation and location of the ridges are computed and stored for use in the

compute route. The local cell identification, the ridges, the retrieved unperturbed

wind vector, and the boundaries of the local cell are printed out. This ends the

read route.

The computing route first determines the perpendicular distance of the Jth

particle from the Ith ridge. The analytical height of the ground and the parallel,

horizontally perpendicular, and vertically perpendicular perturbed wind components I
with respect to the unperturbed wind, UO(K), are now computed at this particle

I



position. The results for each ridge are summed with the succeeding ridges to

yield total height and perturbed wind vectors due to all the ridges at this point.

Next, the particle height, ZP(J), is checked against the total analytical ground

height, DZ, to determine impact; upon which, the velocity (0, 0, -10 8) msec-1

is assigned to the wind. However, if the particle is still aloft, the unperturbed

wind vector is added to the summed perturbed components and the result is rotated

back into the macrowind field coordinate system. This ends the compute route

with the desired wind components stored in variables AX, AY, and AZ.

Subroutine CBREZ1(J, K, AX, AY, AZ) (FC-15)

Before attempting to use the sea-breeze local circulation system, the reader

is advised to obtain a thorough understanding of the model by studying the presenta-

tions in the Physical and Mathematical Models section and in Appendix B.

The CBREZ1 subroutine serves the dual purpose of reading the sea-breeze data

and computing the sea-breeze velocity components for the Jth particle at location

XP(J), YP(J), ZP(J) and time TP(J), after first checking for particle impact at

sea level. The programming of CBREZ 1 is di ided into two mutually exclusive

chains of logic that will be referred to as the read route and the compute route.

The read route, entered at statement number 100 when the sign of the argument J

is negative, also serves to pre-compute constant sea breeze parameters to

facilitate computation during the compute route. The compute route is entered

during actual particle transport when J, now positive, is the index of the particular

particle being moved.

The read route starts by reading from the system input tape values for param-

eters B, GRAD, NN and the pairs DELTX(N) and TAUX(N) for N ranging from 1

to NN. The maximum value of NN is nine (see Table 3). N represents the order

of the harmonic described by DELTX(N) and TAUX(N). These parameters serve to

calculate OMGX(N), AJZX(N), AJXX(N), AJY(N), R1RX(N), RIIX(N), R2RX(N),

R2IX(N), ESQ1, ESQ2, AN1, AN2, FAX(N), T1, DELTX(N), and TAUX(N), for each

Nth harmonic, and are printed out as the respective symbols: OMGN(N), AJZ (N),

AJX(N), AJY(N), AKNI(N), ALN1(N), AKN2(N), ALN2(N), BLOWl(N), BLOW2(N),
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AZ = 0. 0
DZ = 0. 01
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FC-14. (Contined) Flow Charts for Subroutine RGWVND1

108



ANN1(N), ANN](N), PHIN(N), ENU(N), DELTX(N), and TAUX(N) Correspondences

of these mnemonics with the symbols defined in the Physical and Mathematical

Models section are given in Tables 3 and 4

During the computation of these constants checks are made to ensure that SGMA,

the Guldberg-Mohn friction parameter, and AKY. the thermal eddy diffusivity, are

not zero. If either one of these constants is zero, subroutine ERROR is called

Also calculated in the read route are the height, CRUHT(K), of the sea-breeze

cell and geometrical constants to rotate the particle coordinates and wind vectors

in and out of the sea-breeze system The angle of rotation, B, is zero when the

sea lies on the west side of a shore line parallel to the north-south axis- The shore

line is defined to run through the center, (XCB, YCB), of the area bounded by the

north (CRMAXY(K)), south (CRMINY(K)), east (CRMAXX(K)), and west (CRMINX(K))

vertical sides of the sea-breeze cell The printout from the read route sequentially

consists of the local cell identification, the cell boundaries, the input parameters,

and the harmonic parameters.

The compute route first checks particle altitude, ZP(J), against sea level. It

assigns the wind vector (0, 0, -108) for negative altitudes and returns to the calling

program, The coordinates of the particles nonnegative altitude are rotated into the

sea-breeze coordinate system If the horizontal distance between the particle and

the shore line (measured perpendicular to the shore line) is greater than the half

width of the sea-breeze cell. an exponential attenuation based on the perpendicular

distance from the edge of this primary cell is used No attenuation is used within

the primary cell.

The wind-field constants tor each harmonic mode are now calculated, The verti-

cal (AZ) and the horizontally parallel (AY) and perpendicular (AZ)(with respect to

the shore line) wind vectors are computed from Eqs, (f0). (61), and (62) and summed

over all the harmonic modes The resultant wind vectors are next rotated back in-

to macrowind-field coordinates and subroutine CBREZ 1 returns control to the

calling program.

To aid the user in evaluating the properties of the sea-breeze circulation sys-

tem generated from the input data, an "interpretative output' of key model param-

eters is provided. This output is described in Table 4 These parameters are
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TABLE 3

INPUT QUANTITIES FOR THE SEA BREEZE 3
Physical Quantity Text Program Dimension Typical Values and Comments

Designation Designation Units I

Number of I. Lrmonics n NN Approximately two or three 3
Total extent of sea L ELX m Less than 10 5 m
breeze x 3
Sine of latitude sin € SNPHI -1 < sin ¢ < + 1

Angle of coastline B
relative to y axis of B
grid

Wind field extrapola- k WW m- 0 < k < o
tion attenuation con- a a- I
stant

Guldberg-Mohn SGMA sec-I A value of zero is not allowed;
friction parameter typical values 0. 5 x 10- 4 < g

< 2. 5 x 10-4

Average ground 0 THET 0 K Expressed in degrees Kelvin:

temperature 0 0 = 2000K

Unperturbed temper- I- -(d 0o/dZ) GRAD 0°Km-i1 A -,onstant z-indipendent positive
ature gradient vaK uc must be used; typical values

"stx 10-3-< r< 7.5xn0-3

Thermal eddy diffu- K AKY m2 sec-1 A constant z-independent value
sivity must be used; typical values

25 < K < 75

* OK0

Magnitude of nth tern- T DELTX(N) K First harmonic will generally be
perature differential n less than 10 0 K, with subsequent har-

monics decreasing in magnitude

Phase of nth tempera- r TAUX(N) Phase of first harmonic should
ture differential correspond to about 1 hr, or

9 -12(3.6) x 10 3 = 0.26

Lag time between sea- At ELAG sec
breeze local time and s
Greenwich time

1
I
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TABLE 4

INTERPRETATIVE OUTPUT DESCRIPTION

Output Designation Text Designation Interpretative Output
Description Designation

OMGN(N) nQ nQ

AJZ (N) J -TL/B
nz n

AJX(N) J X-I Jnx nz

AJY(N) J GJny n

AKN1 (N) knl kI

ALN1(N) nlI

AKN2 (N) kn2 k2

ALN2 (N) 2 n2 2

BLOW1(N) RKn1 1 1

BLOW2(N) Kn2 E2U2

ANNI (N) ?n1 7l

ANN2 (N) 71n2 T12

PHIN(N) On h-m+ Tn

ENU(N) vn -01
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are sufficient to calculate the wind velocity components w , U. and v as given by3

Eqs. '60), (61), and (62). Column 1 of Table 4 gives the parameter designation in

the computer output and column 2 gives the parameter designations in the text. In

order that the user may be able to understand in detail the computations required

for evaluation of these parameters, a path through the calculation is presented in

the paragraphs to follow. Column 3 of Table 4 gives the expressions, in terms of 3
the fundamental quantities used in the following calculation description, used to

calculate the parameters in column 2. 3
After reading the input data, the machine computes the constants:

f = 2Qi sin ) ,

= (27r/L) , 3
= g/0

At this point the selection of the harmonic mode takes place. Since all the physical I.

quantities with the exception of the input parameters T and T n depend on the mode

only through their dependence on nQ2, we now set

Q = nI

When the foregoing substitution is made it becomes possible to drop the subscript n,

it being understood that we are dealing with the nth mode. This permits many of

the dummy analytical variables subsequently defined to bear a one-to-one corres-

pondence with the mode-dependent variables. For instance, defined quantities such

as q, a, b, and c1 correspond to qn an, bn' Eln"

The next group of calculations is:

q= +iQ =A 1e 1 , A1 = ( 2  2 ) 1/2 ,01 = tan- 1 (S2/cr) ;

2 i 2 121
q2 = A2 e , A2 +A1 ' 02 =201 ; 4

Si03 f2 _ 2 1/2 r 2+2A1 A= 41 2 2 ) , 3tan q2 2_2
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We next turn our attention to the coefficients a, b, c, and d:

aq 2 X2 / (q2+f2)=A e ,A 4 = A 2 X2/A 3 ) , '4=62 03

b=qa~X2/ (q2 +f2)=Leih, L=(AlcYX2/A 3), h=01 - 03

c = (f/K) = A7;

d = i (7/K) = iA 6, A6 = (Q2/K)

At this point the roots of the dispersion relationship are calculated. First we have:

a + d - = CR + iD =Ee 1

Al 2 2- = 0  1 1

a+ d R 2 +iD e
A 2 2 2 2 E 2

R ((a+ d)2 - 4(ad+bc))1/2 = Beim

where

(a + d) = A4 cos6 4 + i (A 4 sin64 + A6 )

= ý1 + i2'

221 21/2 i,3
(a+d)2 -4(ad+bc) =BI +iB 2 = (B+B) + /B2) e

and

B1 = 2 4L h - AA sin
1 4(A 7 c A4A6  64)

B2 =241 k2 -4(A 4 A6 cos 04 +LA 7 sinh)

= tan- 1 (B 2 /B 1 ).
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We define B (B 2 + B 2 1

m = p/2

Using the foregoing expressions, C 1, D1 , C2 9 D2 , El, E2 , -Y1 , and -Y2 are then 3
calculated.

C1 =1 ACos 4+ Bcos ; D1 = [A 4 sin 84 + A6 + Bsinm

1 [A Cos 04- Bcos m] 1 [A sin 04 + A6 -Bsinm]
C2 =2 4c~ 4- Bom ;2 =2 46

=/ tan- (D1/C1) ' Y2 =tan 1 (D 2 /C 2 )

E (C2 + D 2)1/ E (C (+ D 2)1/
1 12 2 2I

The attenuation constants for the nth mode (symbolized here by a1 and a2) are

given by 3771 II

S1/

a2 =L (I2)1/2 C2U2e'02
=~-Q2  =c 2 U e 2 + i•2

where

U1 =1/2 U2 E1/2 = //2 = //2 , 0
1 ' 2 2 2 1 ' 2

k1 =E 1  U Cos= EIU1 sin 1, )

k2 = E2 U2 cos T2 "J2 = E 2 U 2 sin T2 9

and E1 and E2 are chosen so that E cos jl and E2 cos 712 are both negative

(E1
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Next, the following quantities are calculated:

¢=h - m ,

hi
g =-(f/q) =Ge

where

G =-f/(a 2 + R2)1/2 (f/A 1 )

V = - 0 1 *

At this point all the mode-dependent constants necessary to describe the nth mode

wind field have been computed.

Subroutine HEIGHT (X, Y, H) (FC-16)

Subroutine HEIGHT puts into argument H the topographic height at horizontal

position X, Y. It makes use of the in-core topographic data block in arrays S(I, J)

and SUBSID(K), and data from the topographic table of contents as transferred to

block limit words BXLL, BYLL, BXLU, and BYLU, as well as the block grid

interval as found in GRINT and the overall topography coordinate limits TXLL,

TYLL, TXLU, and TYLU. (See the discussion of the topography data input in the

User Information section.)

Upon entrance, the particle coordinates X and Y are checked first to determine

if the particle is over the in-core topography block. If the particle is over in-core

topo, a transfer is made to statement number 11 where retrieval begins. If it is

not, a second check is made to determine if the particle is over any specified topo-

graphy block. If it is over a topography block not currently in core, this is indicated

by setting H = - 10000. If it is over undefined topography then it sets H = - 20000.

In either case, control then returns to the calling program.

Actual height retrieval begins at statement number 11 with the computation of

basic retrieval indices I and J. I and J are respectively the indices of the regular

grid square of side GRINT in which the point XX, YY is located. The point BXLL,

BYLL is the southwesternmost point with the in-core topo data block and it is
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FAX(N) - T5 - AM + TAUX(N)
G - - COR/AlU
AJZX(N) - - DELTX(N) * A5/BB
AJXX(N) - AJZX(N)/ALM
AJY -AJXX(N) * G
ESQi - EPSi * SRTE13
ESQ2 - EPS2 * SRTE2

AMG - ESQI/ESQ2
CNN1X(N) - C0SF(AN1 + Ti) * AMG *G

CNN2X(N) -C0SF(AN2 + Ti) * G
SNN1X(N) - SINF(AN1 + Ti) * AMG*G
SNN2X(N) - SINF(AN2 + TI) * G
CONiX(N) = CONi * AMG
CAN1X(N) - CANi * AMG

PRINT: IIOMGX(N), AJZX(N), AJXX(N), AAJY,
R1RX(N), R1IX(N), R2RX(N), DRR2IX(N),
ESQi, ESQ2, ANi, AN2,I

FAX(N), T1, DELTX(IW), TAUX(N)J

AJXX(N) - AJXX(N) *ESQ2

N-N+ 1

0I

ELX = ELX/2. 0
XCB - [CRMAXX(K) + CRMINX(KqJ/2. 0
YCB - CRMAXY(K) + CRMINY(K)]/2. 0
COSB -COSF(B)I
SINB - SINF'(B)

RETURN3

(e)3

FC-15. (Continued) Flow Charts for Subroutine CBBEZ1
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located in grid square (1, 1), the height data of which is located in memory word

S(1, 1). According to the storage convention of the piecewise-planar topography, if

H = S(I, J) is positive, it is the height of the topography in the cell (I, J) and thus the

height which is being sought. If, on the other hand, H is negative, the cell (I, J) is

subdivided further and I S(I, J) is the address (index) of the place in array SUBSID(K)

where the data for the subdivided cell begins. If H is negative, the program makes

preparations to retrieve topographic data from array SUBSID(K), and then between

statements number 13 and 20 computes retrieval index K and control integer N.

Whenever a cell (topographic unit) is subdivided it is always divided into four equal-

sized squares (quadrants). The integer N identifies the quadrant that contains the

point XX, YY.

The sign convention of S(I, J) also applies within array SUBSID, and if a nega-

tive entry is encountered, a further subdivision of the cell containing the point XX,

YY is indicated. In that case coordinate adjustments are made again, and the

program returns to statement 13 where the new retrieval index K is computed and

used. Eventually HEIGHT will find a positive height H and return to the calling

program,
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FC-16. (Continued) Flow Charts for Subroutine HEIGHT
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USER INFORMATION

Input Description

General

The Transport Module requires two kinds of input: (1) a binary tape output

from the Cloud Rise-Transport Interface Module, and (2) a set of card inputs to be

read from the system (IBSYS) input tape. The binary input tape carries the identi-

fier IPARIN so that the program can ascertain that the correct tape has been

mounted, This tape provides a detailed description of a large number of cloud

subdivisions that are ready to be processed by the Transport Module. The Cloud

Rise-Transport Interface Module produces two structurally identical binary output

tapes, both labeled IPARIN, that (1) describe an axially symmetric cloud defined

at some time of stabilization and (2) describe an asymmetric cloud resulting from

the adjustment of the stabilized cloud in accordance with the winds that existed dur-

ing the period of cloud rise. Either one of these tapes can be used as input to the

Transport Module. It is important to note that in neither case are all cloud sub-

divisions defined at the same time. The content and structure of tape IPARIN is

described in detail in Table 5.

Card inputs to the Transport Module consist of two classes: first, identification

and control information; and second, wind-field information, Since the wind-field

data required depends on what options are to be used, we cannot describe the deck

of card inputs to the Transport Module in an invariant form; therefore, we shall

describe first only the invariant portion of the deck and later provide individual

descriptions of the data required by the various options.

The first card input required-for the Transport Module is an identification

card on which the user may punch any alphanumeric characters to identify his run

of the Transport Module. The second card contains the values of the array of

parameters for use in controlling the execution of the Transport Module. Only 8 of

the 18 elements of the array IC have been given functions at this time and their

uses are summarized in Table 6. The remaining par: imeters are for use in future

improvements or simplifications of the Transport Module.
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TABLE 5

BINARY INPUT

Logical Tape IPARIN

LogicalI

Binary Record Contents Variable Names
Record

1 Tape identification word (IPARIN),spare, DENTI, NSP, XGZ,
x and y coordinates of ground zero, shot YGZ, TGZ, BZ, NCL
time, cloud subdivision edge length,
spare

2 Detonation parameters: yield, cloud soil FW, SSAM, SLDTMP,
burden, soil solidification temperature, TMSD, SIGMA, SPARE1,
soil solidification time, ln(SD), t spares SPARE2, SPARE3

3 LINK4 run identification PSEID(J), J = 1, 12

4 Cloud-rise identification CRID (J), J = 1, 12

5 Initial-conditions run identification DETID(J), J = 1, 12

6 Fallout particle density ROPART

7 Number of particle size ranges NPS

8 Central particle size, associated mass, PS(I), A(I), PACT(I),
associated activity, * and surface-to- SV(I), 1 = 1, NPS
volume ratio for each size range

1 9 Number of atmospheric strata NAT

10 Atmospheric viscosity and density for ATEMP (I), RHO(I),
each stratun I = 1, NAT

11 Number of particles described in the NP
first data block

j 12 Particle data for first data block: x, y, z, XPAR(I), YPAR(I),
and time coordinates, particle sze, mass ZPAR(I), TP(I), PSIZ(Q),
per unit area of cloud subdivision bottom SMAS(I), I= 1, NP

I 13 Same as record 11 for the second data
block

14 Same as record 12 for the second data
block

M Tape termination indicator NP=O

M +1 End of file

Not yet calculated unless the user has provided a LINK3 particle activity
calculation.

t See LINK1 glossary in DASA-1800-II.
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TABLE 6

DESCRIPTION OF THE TRANSPORT CONTROL ARRAY -
IC(I), I = 1, 8

I I Function

1 IC(1) > 0, suppresses usage of topography tape, IHTOPO, and
a planar topography is assumed.

2 IC(2) > 0, suppresses usage of off-topo secondary tape,
IOTOPO

3 IC(3) > 0, suppresses usage of out-of-wind-field secondary
tape, IOWIND

4 IC(4) > 0, suppresses usage of time-boundary secondary tape,
IPAROT

5 IC(5) > 0, suppresses usage of all secondary tapes

6 IC(6) < 1, no transport traces are printed

IC(6) = 1, in-core particle arrays are printed following read-
in of each block of particles from IPARIN (see P. 78)

IC(6) > 1, in addition, a print-out is executed following each
transport increment (see p, 78)

7 IC(7) = 1, causes the computed wind field to be printed each
time it is updated (see Table 13)

8 IC(8) = 0, causes a listing of lost particles (see Table 2)
whenever a group of lost particles are discarded by subroutine
DUMPP.
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The third card indicates the latest simulated time at which the user wishes

the transport process to terminate. The fourth card indicates the altitude of the

deposition surface (topography) in the event that the planar topography option of the

Transport Module is to be used (IC(1) = 0). The fifth card is an identification card

on which the user may punch any alphanumeric characters to identify the forth-

coming wind data set, Table 7 summarizes the card inputs for identification and

control of the Transport Module.

TABLE 7

CARD INPUTS FOR IDENTIFICATION
AND CONTROL OF THE TRANSPORT MODULE

Card Content Variable Names
Number C e and Format

1 Transport model run identification TID(J), J = 1, 12 (12A6)

2 Control integer array IC(J), J = 1, 18(1814)

3 Transport time limit (sec) TLIMIT (F10. 5)

4 Altitude of planar topography. This card is TTOPO (F10. 5)
to be omitted if a topography input tape is
used. (m).

5 Wind-field data set identification card WID (J); J = 1, 12 (12A6)

The remaining card inputs describe the wind field through which particle trans-

port is to be carried out. As mentioned previously, temporal variation of the

atmosphere is achieved by periodically updating the entire wind field description.

Input data is required for each updating of the wind field, but since the form of

the required data deck is the same in each case we shall describe it only once.

MKWIND Data

The first card contains the values of parameters ENDTIM, the time (seconds)

at which the forthcoming data set should be updated, and ALPHA and BETA

empirical parameters which the program uses for distance weighting (see Eq. (21)).
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The second card contains NN, the number of data vectors that are to be used in

computing the vector estimate for each wind cell of the wind field. The NN data

vectors that are closest to the grid point are used: Also on the second card is the

parameter NCODE which identifies the computation method to be used in accordance

with Table 8.

TABLE 8

WIND-FIELD COMPUTATION METHODS
SPECIFIED BY NCODE

NCODE Method..

Value _ _Method

1 Use preferential weighting method with the nearest NN data vectors

2 Set NN = 1 and use code number 1 (this is the nearest station method)

3 Set NN equal to the total number of data vectors available and use I
code number 1

4 Use the least-squares method to fit to a linear model of the atmos- I
phere, In this case NN must be greater than 3.

In the next series of cards the program reads the user's specifications for the I
subdivisions of the stratum and cell atmospheric structure. Each card of this set

contains the altitude of a stratum bottom (meters), the width of the wind cell bottom I
edges (assumed square) within this stratum (meters), and four coordinates that

indicate the horizontal limits of this stratum (meters). Here also, the data cards

need not be in ascending order of altitude since they are sorted into that order by

the program after being read, but the end of the data set must be marked by a card I

having the value 999999. 0 in the stratum base altitude position.

In the next series of cards the program reads all wind data vectors, one to a 3
card. The position of each vector is specified by three coordinates; its magnitude

and direction are specified by three vector components. The order of these cards

is completely immaterial, but the end of the deck of data vectors must be marked

by a card having the value 999999. 0 in the vector altitude position. A maximum of

299 data vectors may be provided. Table 9 summarizes the card input to ,W
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TABLE 9

SUMMARY OF CARD INPUTS TO SUBROUTINE MKWIND

Card Content Variable Names
Number -j and Format

1 Time (seconds) at which the forthcoming wind ENDTIM,. ALPHA,
data set is to be updated, a, P3 (Eq. 21) BETA (3F10. 3)

2 The number of nearest data vectors that the NN, NCODE (214)
user wishes the program to use in making a
vector estimate for each grid point, the identifi-
cation number of the computation method that the
user wishes to be used in making grid point
vector estimates (see Table 8).

3 Altitude of first stratum base (meters above BOTHIT(J)
MSL), width of wind cells in the stratum, co- WGRINT(J), WLLX(J),
ordinate of planes limiting this stratum on the WLLY(J), WURX(J),
west, south, east, and north respectively. WUIY (J), J= 1
(A right-handed coordinate system is used.) (6F10. 3)

4 Same as card 3 but for second stratum Same as card 3 but
for J = 2

Last of The end of the subdivision specifications is
Sub- marked by the number 999999. 0 in the stratum
division base altitude place
Specifi-
cations

First Vector altitude, X coordinate, Y coordinate, ZS(J), XS(J), YS(J),
Data X-velocity component, Y-velocity component, SX(J), SY(J), SZ (J),
Vector Z-velocity component (A west wind (from the J = 1 (6F12. 3)

west) has a positive X component; a south
wind has a positive Y component; the Z direction
is positive upward) (m and m/sec)

Second Same as preceding card but for second data Same as preceding
Data vector card but for J-2
Vector

Last The end of the deck of data vectors is marked
Vector by the number 999999. 0 in the vector altitude
Card position
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1ocal Circulation System Data

Two types of data are required for the description of local circulation systems

to be included within a transport atmosphere. First are data that specify the sizes i
and locations of all local circulation cells, and second are the data that describe the

wind fields within each of the local circulation cells. Data of the first type are read

by subroutine RDCIRS, while the data actually describing the local systems must be I
read by the corresponding local circulation system programs, To achieve this thE

local system programs have dual purposes - dependent upon an argument value,, these f
programs will either (1) read the required input data from the system (IBSYS) input

tape (and precompute certain parameters) or (2) compute the wind vector at a posi- 3
tion specified in its argument list.

TABLE 10

CARD INPUTS TO SUBROUTINE RDCIRS___

Card C t Variable Names
Number Contentand Format

1 Coordinates of planes that bound the Jth local i CRMINX(J), CRMAXX(J)
circulation system cell on the west, east, south, CRMINY(J), CRMAXY&JF
and north, respectively, and the circulation NCRTYP(J)
type identifier, (4E12. 5, 13)

Last The end of the deck of cell descriptions is Blank
Card marked by a card having a circulation type

identifier of zero (a blank card will do). Note
that if no local circulation cells are to be used
in a transport run, a blank card must still be
provided to RDCIRS.

Table 10 summarizes the input cards to subroutine RDCIRS. The first card

read by RDCIRS contains the coordinates of the four planes (perpendicular to the

coordinate axes) that bound a local circulation cell and also a number that identifies

the type of associated local circulation system according to the following designations,
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!c1?ntification Local Circulation Type
Number

0 Marks the end of the set of local circulation

cell descriptions

1 Mountain wind (MTWNDl)

2 Ridge wind (RGWND1)

3 See breeze (CBREZ 1)

4 Not assigned

5 Not assigned

The reading of all descriptions is terminated when a blank card is encountered;

therefore, if no local circulation systems are in use, a blank card is still required

by RDCIRS. The maximum allowable number of local circulation systems is cur-

rently set at 5.

RDCIRS establishes the order of the entries in a table of local cell descriptions

by storing the cell data sequentially as it is read. Later calls are made to the

associated local circulation system programs in the established sequence so that

these programs may read the data that they require. Table 11 presents a summary

of the data decks required by each of the three available local circulation programs.

More detailed descriptions of these data may be found in the individual discussions

of the local circulation system programs. (Mks units are used.)

Topography Data

Two basically different forms of topography may be specified for use by the

Transport Module in regions not covered by local circulation systems. They are

referred to here as fully planar topography (a single plane) and piecewise-planar

topography (many segments of planes). The choice of method of topographic de-

scription is communicated to the Transport Module by the user in the control param-

eter IC(1) (set Table 6) which must be given the value 1 if the fully planar option is

desired and 0 if not. In the fully planar option, the program merely reads from a
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TABLE 11 9
SUMMARY OF CARD INPUTS TO SUBROUTINES MTWND1, RGWND1, AND CBREZ1

Card Content Variable Names
Number and Format

Subroutine MTWND1

1 X and Y coordinates. Maximum height, and half width XM(J),YM(J), H(J),
of the Jth mountain A(J), (4F10.3), J = 1

2 Same as card 1 but for 2nd mountain Same as card 1 but

for J = 2 n

Last The end of the deck of mountain descriptions is indicated
Card by a card having a zero in the mountain height position 9

Subroutine RGWND1

1 X and Y coordinates of a point on the 1st ridge line, height XM(J),YM(J), H(J),
of 1st ridge, half width of 1st ridge, orientation angle of A(J), B(J), j = 1
1st ridge (radians clockwise from time north) (5F10. 3)

2 Same as card 1 but for 2nd ridge Same as card 1 but
for J = 2 I

Last The end of the deck of ridge description is marked by a
Card card having a zero in its ridge height position 5

Subroutine CBREZ 1

1 Sine of the latitude of the sea-breeze cell, Guldberg-Mohn SNPHI, SGMA, ELX, 3
friction parameter, the total extent of the sea breeze, THET, (4F10. 3)
average ground temperature

Wind-field extrapolation attenuation constant, thermal WW, AKY, B, GRAD, I
eddy diffusivity, coastline orientation angle, unperturbed NN,(4F10. 3, 110)
temperature gradient, number of harmonics used in
temperature-time description

3 Magnitude of 1st temperature differential, phase of 1st DELTX(N), TAUX(N),
temperature differential N=1

4 Same as card 3 but for 2nd harmonic Same as card 3 but

for N 2
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card the height of the planar topographic surface and uses it throughout transport.

If the piecewise-planar option is specified, the program expects that a topographic

data tape has been prepared and is available for use. This tape carries the identifi-

cation word IHTOPO and its data structure is indicated in Table 12. Complete details

are given in Appendix C. (Mks units are used.)

TABLE 12

THE BINARY TOPOGRAPHY TAPE DATA

Record -

Number :Content Variable Names

1 Tape identification symbol (IHTOPO), DENTI, TXLL, TXLU,
overall topography area limits, and the TYLL, TYLU, NBLCK
number of data blocks

2 Arbitrary topographic identification TOPID (J), J = 1, 12
card image

3 Topography table of contents (first part) TOPOLM(I, J), I = 1,4,
for all data blocks J = 1, NBLCK

4 Topography table of contents (second part) ITOPLM(I, J), I = 1,3,
for all data blocks J = 1, NBLCK

5 2-D table of data for first data block S(I, J), I = 1, U,
J =1, jj

6 I-D table of data for first data block SUBSID(K), K 1, KK

7
Same as records 5 and 6
but for second data block8

N End of file

The Transport Module uses subroutine RDTOPO to read blocks of topographic

data into memory from the tape IHTOPO. Subroutine HEIGHT is used to determine

the elevation of the topographic surface at the horizontal position of a particle.

Two other programs, TOPIN and DATERR, which are not strictly part of the

Transport Module, have been written to prepare and check the topographic data
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tape and to write the piecewise-planar topography tape IItTOPO Since these progiams

are out of the main stream of the Transport Module, their inputs, operations, and out-

puts will not be described here, but rather are dealt with in Appendix C. However

the contents of tape IHTOPO are as follows

The topographic data must be divided into blocks and only one block at a timc

can be accommodated in core storage during transport, With reference to Table 12,

we see that the first record consists of the tape identifier, the coordinate limits of

the area covered by all the data blocks on the complete topography tape, and the num-

ber of topography data blocks on the tape. The second record consists of a Hollerith

card image that contains a descriptive comment that identifies the particular topo-

graphic data on the tape To describe the contents of the remaining records, we

must briefly review, as follows, the nature of the topography description

1. Consider the topographic unit to be a surface segment that projects "1

square area onto the z = 0 plane such that the sides of the projected ]
square are parallel to the coordinate axes (north-south and east-west'i

2. Location coordinates of all topography units are specified in the z ý- 0

(horizontal) plane of the macrowind-field coordinate system.

3 Topography descriptions are arranged on tape IHTOPO in data blocks, .

each of which consists of arrays ((S(I, J), I : 1. 1I) J - 1, JJ) and (SUBSIDq.K,.

K = 1, KK).

4, Array S represents a rectangular area in the z -.- 0 plane (with sides

parallel to the x and y axes) that otherwise is arbitrarily placed within

the limits of the overall topo area. Its minimum x and y coordinates

are BXLL and BYLL (in meters). It is subdivided by a square grid with

interval GRINT (meters). Each element S(I, J) of array S has the f ollo\k- I-
ing significance:

a. If S(I, J) is positive, then S(I, J) is the altitude of the (l, J)th topo- I
graphy unit it represents in the array area (meters above mean

sea level), £
b. If S(l, J) is negative, then the fixed-point equivalent of S(,, J11 is

the index ot an element in array SUB3SID that is the first element

Sof a quartet (see item 5 bielow).
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The indices I and J of the S(I, J) array represent increments of distance

GRINT along the x and y axes respectively. S(1, 1) represents the grid

element in the lower left corner of the area. S(2, 1) is the next element

to the right of the corner, S(1, 2) is the element just above the corner, etc.

5. Array SUBSID consists of a sequence of groups of four elements (quartets)

each of which represents the four square areas (topography units) result-

ing from an equal subdivision of a topography unit. Each element

SUBSID(K) of array SUBSID has the following significance:

a. If SUBSID(K) is positive, it is the altitude of the topography unit

it represents (meters above mean sea level).

b. If SUBSID(K) is negative, then the fixed-point equivalent of

I SUBSID(K) I is the index of an element in array SUBSID that

is the first element of a quartet.

We see that array SUBSID allows (in principle) an unlimited capability

for successive subdivision of the original topography units defined in

array S. Furthermore, a unique altitude is specified for each topo-

graphy unit that results finally from the successive subdivision process.

The sequence numbering of quartet members is as follows: lower left

SUBSID(K), upper left SUBSID(K+I1), upper right SUBSID(K+2), lower

right SUBSlID(K+3).

The correspondence between arrays S and SUBSID is as follows.

Picture the array S to be set up in the fashion of a conventional matrix

S(1, 1) S(1,2) S(1,3) . . . . S(I, JJ)

S(2, 1) S(2, 2) S(2, 3) .... S(2, JJ)

S (11, 1) S (11, 2) S (11, 3) . . .. S (11, JJ)

The sequence of quartets in the array SUBSID is determined by scanning

through each row of the S matrix, in its numerical sequence, from left to

right. Each negative element so encountered in the matrix starts the next

quartet in SUBSID.
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With reference to the discussion above we now can define records 3 and 4 on 5
tape IHTOPO. Together these records provide a complete table of contents for the

remainder of the tape by defining all of the data blocks on the tape. For each of the

arrays TOPOLM(I, J) and ITOPLM(I, J), the index J identifies the data block sequence

number (J=1, 2, 3, 4). The index I specifies the parameters: £
I TOPOLM ITOPLM

1 BXLL II I
2 BYLL JJ if
3 GRINT KK

4 TTOPO3

The variable TTOPO gives the maximum topography altitude specified in the data

block. All distances are specified in meters, and altitudes in meters above mean

sea level.

Then on the tape IHTOPO the arrays S and SUBSID follow for each data block,

Output Description

Printed Output

The printed output of the Transport Module is largely self-explanatory since

extensive labeling is done. Table 13 presents a summary of this output. Not in-

cluded are the (optional) transport trace printouts which are described in the dis-

cussion of subroutine LINK7.

Binary Output

The primary output of the Transport Module is a magnetic tape containing a

binary mode complete description of all cloud subdivisions that landed during the 5
transport run. In addition, the Transport Module prepares printed output designed

to identify and describe the transport run in sufficient detail so that the resulting
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TABLE 13

PRINTED OUTPUT OF THE TRANSPORT MODULE

Output Content Variable Names
SequenceC

1 Run identifiers for LINK1, LINK2, LINK4, and transport DETTD(J), J = 1, 12
CRID(J), J = 1, 12
PSEID(J), J= 1,12
TID(J), J=1, 12

2 Transport control array (Table 6) IC(J), J=1, 18

3 Transport time limit (sec) TLIMIT

4 Fallout particle density (kg/m 3 ) ROPART

5 Topographic data:
a. If continuous planar topography is specified,

the topography altitude (meters) is printed. TTOPO
b. If a piecewise planar topography is specified,

the topography tape (IHTOPO) identifier is printed. TOPOID(J), J= 1, 12

6 Wind-field identifier WID(J), J = 1, 12

7 Atmospheric properties used for particle fall rate
calculations: height of stratum bottom, viscosity, and height not stored,
density (inks units) ATEMP, RHO

8 Replacement time of the wind field whose description
follows (items 9 and 10) (sec) ENDTIM

9 Wind vector input data array: ZS(J), XS(J),
z, x, y coordinates, and x, y, z wind vector YS(J), VX(J),
components (meters and meters sec-1) VY(J), VZ (J)

10 Macrowind-field definition input data array: BOTHIT(J),
bottom height of stratum,grid interval, minimum GRINT(J),
x and y coordinates,maximum x and y coordinates WLLX(J),
(all in meters) WLLY(J),

WURX(J),
WURY(J)

11 If IC(7) = 1, the wind vectors at each grid point of
the macrowind field are printed in the following
arrangement:

Level (stratum) number, altitude of the bottom of J, BOTHIT(J),
the stratum, x components of all wind vectors VS, VY, VZ
in the southernmost east-west row, y components
of all wind vectors in the same row, z components
for all vectors in the same row, repeat for the next
row, etc. ; repeat for the next level, etc.

12 A one line in-core particle array summary printout is JTEST, JTEST1,
executed on each pass through subroutine DUMPP:JTEST, NFREE, NG,
JTEST1 (Table 2),number of blanks, number of grounded NLOST, NTO,
particles, number of lost particles, number of particles NTI, NW
on the topography boundary, number of particles on the
time boundary, and number of particles on the wind-
field boundary.

13 If IC(8) = 0, properties of all "lost particles" are printed: XP, YP, ZP,
z, y, z coordinates, time, diameter, and mass TP, PS, FMAS
per unit area.
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tape of grounded cloud suodivisions can be used iepetitively. This is achieved

by printing the identifiers oi all the sets ,f input data that were used by the Trans-

port Module as well as recoiding some of the data directly. The content of the inter-

mediate output tape produced by the Transport Module and subsequently used by the

output processor as an input is set forth in Tab!e 14 Mks units are used except

for particle diameters which are in microns

Data Structures for Secondar yMemory Tarpes

Three secondary memory tapes may be used by the Transport Module to

temporarily record descriptions ei particles that have been transported as far as

possible using the data cur rently availaole in primary memory but which are still

to be transported further-.. In the e'.ent that room must be made in the Transport

Module's particle arrays loi incoming particle descriptions. tile transported \but 0
not yet groundedi particles may be collected and written out onto a tape for. (1)

particles beyond the in -core memory topography, .2.9 particles beyond the in-core

memory wind field, or (3} particles awaiting the next updating of the wind field,

Since all of these tapes are subsequently ,ut symbolically into the place of the

regular particle input tape IPARIN, they must all have the same data structure as

the particle data portion of lPARIN That structure consists of pairs o0 data

records arranged in sequence on the tape -- the first record of a pair is a count of

the number of particle descriptions to be lound in. the second record of the pair,

The end of the data set is always marked by a zero particle count record, £

I,

r
I
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TABLE 14

THE GROUNDED PARTICLES TAPE, IPOUT
(Binary output of the Transport Module)

Logical Record

Number Record Content Variable Names

1 Identification word (IPOUT), spare, time at which POUT, NCL,
transport was terminated, width of cloud sub- TLIMIT, BZ,
divisions at time of definition, and density of fall- ROPART
out particles

2 Fission yield, mass of soil lifted, solidification FW, SSAM, SLDTMP,
temperature, time of solidification, ln(SD)t TMSD, SIGMA,
and 3 spares SPARE1, SPARE2,

SPARE3

3 Run identifiers for Initial Conditions, Cloud Rise, (DETID(J), J=1, 12),
Cloud Rise-Transport Interface, Transport, and (CRIDf(J), J=1, 12),
Wind Field (PSEID(J), J=l, 12),

(TID(J), J=1, 12),
(WID(J), J=l, 12)

4 Number of particle size ranges NPS
5 Central particle size, associated mass, associated PS (J), A (J),

activity, * and surface-to-volume ratio for each size PACT(J), SV(J),
range Jpd, NPS

6 Number of atmospheric strata NA

7 Atmospheric viscosity and density for each stratum ATEMP(J), RHO(J),
J=1, NA

8 Topography identifier TOPID(J), J=1, 12

9 Number of particle (cloud subdivision) descriptions in N
the following data block

10 X coordinate, Y coordinate, time, particle size, and NP(J), YP(J), TP(J),
mass per unit area associated with each of N particles PS(J), FMAS(J),

J=S, N

11 Same as record 9
12 Same as record 10

Pairs of records like 9 and 10 are repeated until all
grounded particles are recorded

Last record The end of the ground particles data set is indicated N=0
by a particle count of zero

Not yet calculated unless the user has provided a LINK3 particle activity
calculation

tSee LINK1 glossary in DASA-1800-II.
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FORTRAN LISTINGS

FORTRAN listings for the subroutines are included on the

following pages.

1
I
I
I

I

I
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SIBFTC DUMP LIST9DEtKwM94/2 DUMP
SUBROUTINE DUMPP DUMP 1

C T.WoSCHWENKE TECHNICAIý OPERATIONS RESEARCH 6R DUMPP DUMP 2
C 28 NOVEMBER 1966 DUMP 3

C DUMP 4

C DUMP 6

C THIS SUBROUTINE SELECTS THE BEST 6ET OF PARTICLES IQ DUMP9 UUMP 7
C SORTS.IT IviTU THE LOW NumLJNERED EiiD OF THE PART ICILL AKRAY')9 wk I tES D: umP 8
C IT OUT ONTO THE APPROUPRIATE TAPE AND AL.JUST6 PARTLCLtL ScT ýuUNTcRS~uMP 9
C THE SET SELECTED FOR DUMPING lbs THE GROUNbED PARTILLLS 6cT WHEN- DJUMP 1()
C EVER DUMPING IT WOULD MAKE SUFFICIENT Roui,i FOR THE INCUMiIio L)LUU'r )Umip 11

C OF N PARTICLES. IF THIS 1S NOT THE CASEP THE LARGES'T PARTICLE SETOUMP 12
C IS SELECTED. DUMP 13
C DUMP 14

C********* GLOSSARY ****-*************DUP 15
C DUMP 16
C FOR ADDITIONAL GLQ6SýAFY EiiTRIES' ,)EE )UbuwliNE LI'SK5 DUivlP 17
C D4JMP 18

C FMAST SEE XPT DUMP 19
c IC( THE CONTROL INTEGER ARRAY. 'Sac LINK 5 GLUSýSAkY DUivP 20
C I CQIN bLQCKINCG S,,mT MIVDL INDICATUR. O=FIRST PAz):, +=ojTTUi- LjQLuivAP 21

C ,-TOP LCUT' DUMP 22
C IOTOPO THE OFF-TOPO 11EIEMUHY TAPE NUi-46ER DUMP 23
C IOWIND THE OUT-UF-wIND DATA iM'EiuRY TAPE NUAlbER DUMP 24
C IPARUT THE TINE LI.IiIT bOUNL)AkY MEMr-lkY TAP'E NUM6ER DUMP 25
C IPUUT rlr TRAN3PUT ."IQDL)Oý ioiTErkj.IELIATE UuTPUT TAPE NuiMiER DUMP 2b
C IR.'ET A ivARKLK FutK THL. uLDNQl4 T vo-lIý_r iN0IlATLS L)Y THE DUMP 27
C VALUE 1 TiA~l MrL ILM1PORAMIY )~TVI-0U. LIO4lL FOR~ A PMIRTIýLL LUui'P 26
c lz.- LOADED AP,4LD MNU3T 3E LvLvlQALLY uNLUUL)LU DuMP 2,Y

C I1.'ýuT THE FORTRAN ýY,)[Ei-l OUTPUT TAPE ýJrioR Do M P 30
C A GLNERAL INDE~X. I N i HE cDLuLNtIN ioj (Oi IT Z., U 6L L) IU o 0.mP .31

C IDENTIFY THE PARTICLE THAT wA.ý JubT LLASS1FILD uoiMp .5
C JB bUTTONv LuC D I NDEX FUR THE bLUCK~ING SORT OumP 3:3
C J8L bLANK. LINE INDEX FUR THE bLUCK.ING SURT DUMP ý34
C JFR UzDED TO RECUNDO THE IINDEX OF A FREE (bLANk,) LINE lim THE DUMP 35

C b Q IIu m P Au m F I r - PA MrI CLL c-Am 11 *Y L) r li i I -i L Cu i v..uL IDA II uo4L) o M P it)

C Or N OLAIO-ý I 'iTQ. TH7 TOP vF IT-L At,,RAY D)UiMP 37
C iT TOP LUOP INL)rX FuRl Trici oLULCKIN4U O~ umP .10
C JTE6T A TEIý!PORARiY aTomAGE Iu-iAT LVE;'4JUALLY CQN1AIoa, THE iiuvoLR L~uIp .31:
C UF PARTICLr-L u~zCRIPTIuiM.ý lim fu-i CLAa.S TOUE uJmPr-Lý, uuw~P '+u
C JTLO-11 A FEi'PuR)kilY :ýTQKAliL 6-iICri LVLNIUMLLY LiT-1'uTrHL '4UiMDLuN Ljvoi 4i

C D14' CA)Ilý TrL NlIP4 (CLA.u.i) OF PARTICLEL ucuCRIPTIuu4 Tu OL D)UlMP 42_

C DUMPED DUMP 43
C N TriE NUM6ER uP PARTICLES IN THE LUATA oLOC&s THAT IS WAITINu DUMP 44

C TU 6E REAL) PLX-T AT MHE Tir/E wriEii DUMPP Iz) CALLED DUMP 4D
C NALUFT [niE D)ImEblS;Iuuolc (i-,AXli~iUoi) SIZE UF THE PARTICLE ARRAY DUMP 46
C N6,IsAX TniL viAXIM~uV tumbEik ut- PiMRTICLr-LuEs;CrýIPTIui'4 THAT CAi4o L) DUIMP 47
C INCLUDED IN A SINGLE oLUCK AS WRI TTEN ON ANY MEiUoRY Uk DOMP 46

C INTERiEDIATE UUTPUT TAPE DUMP 49
C v rF NE E THE NUMB4ER OF BLA114K LI NES (DEb~uTED) uY FMA( =0 ) I N TriE Dump 5G

C PAkTICLE ARRAYS DUMP 51
C NG A COUNT UF 111-CURL GkuUiiuLD PAR~TICLES DUMP 52

C 1L ,ýLu5I A C~u'vI OF THlL PAiTILLES Iii MEi PARTICLE ARR.AY ouT LuLATEUDUuMP 53
C BEYOND [HE L~uRDlI'ATL LImIT6 OF THE wI',4u OR TUuk. DATA ,,ETSDumP 54

C NTAP A [EMHUkAkY aTURAtiL FuR THE NUimoEN uF TnLc TAPE u4Tu VWHICH .)UMP b ý
C THE DUMP Ii TU bE MADE DUMP 56
L I4T I A LuuNT OF iii-CURL- PARTICLES6 THiAT ruAVL KLALrHLu TriL TIML JUMP 57
C BOUNDARY (ENDTIM; DUMP 58

C NTu A COUNT UF I14iCURt PAR~TICLES bEYUI'40 Ti-iL Ii,4-CuRE- TUPu LuATA DUMP 59

C NW A COUNT OF IN-CURE OARTICLES BEY01 L) INt11-CURL WIND DýATA DUMP 60
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C NI AN ASS.:IGNED Gu TO BRA14CH PUIN[ FUk THEi CLA3)zIFYliýG COL.Jc L) JillP 61

C N2 SEE NI DUMP 62c N3 SEE l OUP I
C N4 SEE Ni DUMP 63

C PST SEE XPT LX.MP b:)

C TPT SEE XPT i DUMP 66

C XPT TEMPORARY STORAGE FOR XP( )5DJMETIMES USED TO START A'SU)RTD),.)iMP 67
C YPT SEE XPT DUMP 68

C ZPT SEE XPT DUMP 69

c DUMP 70

c DUMP 721

COMMON /bETI/ DUMAP 73

1 UlAM #DtT1u(I2)vI1RiE P IEXEC I. IiiN o ISý-,T 9 DUMP 74
2SD t 6P-Ar< , S bAi' 0 , Tm'E , h-hP 1 9 TIP~ z , DUMP 75

3 T 2 i .0 9 .9VPR t W ,X A Z , uump 76
4 WHY(4 o I,1 Rr4i' , IDI,.TK SPARl , bPAk2 t SPAR3 , DUiUP 77
5 SPAR4 , )PAR5 9 z)PAk6 ) PAt07 .)PAk8 9 SPAR9 UUmP 78

c DUMP 79
c 80
c DUMP 81

COMMON /SET2/ DLMP 8,e

1 b 9 SU6B;ID v GRINT 9 tBXLL 9 t3XLU v BYLL DolviP b3

29 BYLQ 9 TXLL , T X L , TYLL o T Y Lj o XG/L D Q MIP 84I
3, YGL v NBLCK 9 HTUPO , FTuPu 1 lL 1 9 JL IIi ~ DUiP 65

4, K'L I iv , 11 9 JJ KK t X, q.Ye, OUiMP 86

5, 2Zp 9 FMAS 9 TP 9 I-5 9 VX 9 VY DUMP 87
69 VZ 9 IL 9 JL s IbADO s 46RINT % NsTtKAI UUImP 86
7,9 WLLX , vWLLY 9 WURX 9 WUNY 9 tbOTHIT , IPARIN' U)UMP 89

89 IUTUPU' 9 I0WIND 9 IHTUPO 9 IPuUT , IPAROT g- JTUP1 ODWMP 90

9,9 J I NO1 ,INRKR 9 T'-I i I T r LNUT I M I C 9, IY PA,) D U mP 91

1' JTUPJ ,NLUST , N 3 1, NTu 9 Ni T , N w DuM.P 92
29 NALUFT 9 JTIME1 9 NBNMAX 9 NFkEE 9 N 9 NCL DUMP 93
39 CRMAXY 9 CRUHI 9 NCRTYP i- 6Z s CRMINX 9 CRMiINY DUMP 94
4, uu t z)N f C6 , NLUCIR 9 DILUC , ATLmP DUMP 95

5, Ri-u , NA 9 TGZ1 , DTMAC . F-ROG v CRIMAXX L)UMP 96I

69 RUPART DUMP 97
D 1 MEiNbI JN TUPULM~(494) N IN FAR ( 4 ,ITUPLM(394) DUMP 98
DIMENSION S(1 s10) 9,)U8.,ID(400) VlC(163 DUMP 99

DIMENbIuN XP(200) tYI'(200) gzP(200) PFMAS(2O00 DUMP 100

DIMENSION TP(200) 9,P)(200, 9ATEMP(260) .RH0(260' DUMP 101
DIMENSION VX(15001 9VY(1500) 9VZ(1500) 9IL(70) DUMP 102
DIMENSION JL(7U) ,IBADD(70) owURX(70) DUMP 103
DIMENSION WGRINT(Vi)) ,WLLX(70) *WLLY(70) DUMP 104

DIMENSION WURY(70) #BOTHIT(70) 95N(6) 9CS(6) DUMP 105
DIMENSION CRMINX(6) sCRMAXX(6) PCRMINY(6) PCRMAXY(6) DUMP 106
DIMENSION CRUHT(6) oNCRTYP(6) 900116) DUMP 107

C DUMP 108

C****************************DLJMP 109 DM 1

I FURMAT(IH19I4X1791DH LUST PAITICLES) DUMP Ill
2 FORMAIC /6X,2HXPoiOX2HYPtiOX,2HZP,1OX,2rITP,1OX,2HPS,8X,4HFMýAS) DUM~P 112

3 FORMATI 1X,6E.12.51 DUMP 113I
4 FORMAT~lUI5) DUMP 114
6 FORMAT(5X11HBEYOND TOPO, DUMP 115
7 FURMAT(5Xl3HTIME BOUNDARYI DUMP 116

8 FORMAT(5X11HBEYOND WIND) DUMP 117

9 FORMAT(C5X8HGROUNDED) DUMP 118

146



C DUMP 119
C ***wl***i.-*-,**w **iu-. 120

C DUMP 121
DATA PROGRM'/6H DUMPP/ DUMP 122

C DUMP 123
""""U 124

C DUMAP i2b
C oiljT AioY PArmT ICLLO LL UW~r~L) Tu -n~ mQ, ru Trir iLCuLi '4U L)W.JIkl iz (
Q Q..F j. k'A,(TICLLLD Q TQ. CLLLrN fn-L I-ArTJC~Lr ANrKAY,. YL.D To. 1:)i uLjiMP i~o

150) JTEST=u DUMP 130

GO TO 152 DUMP 131
C DUJMP 132
C Dl1 WU,,LU UuOiPINU TiE. ur~iwiu. itA,-Tl1ýLtz tl¾,JViL)r- ýjrFiILrJT FiR )Ulm-; 133
L Ti-c. Q~~ F ii INC )"I14 Hi~-TiCL.L OcZ)C,•>'J y YLz) 1j i± UwiPd i j'4

151 IF(NFkLE+NG-N)15119i~±lZ91I2 0UuC~p 1.35

C DUMP 136
L. i,1iz ýi-' LI-AKt Tu tUU-iP THI 6kUNDEL) PAKi'(TLL ULLRITII' Im ~p 131 i
1512 JTEST1=l DUMP 138

JTET=NG DUM~P 139
GO TO 18 DUMIP 140

C ri.,i li-ic. 1,.'LI'TiILl< (jTL-.,,I1) ANO )ILL (JTLzT) vF Tri-c mviul DUMP 144
C (U. -uz LA,) uFP iAi-TI.Lc..3 iiý Tri-I P~i'TiCLu. AR~RIAY6L UUIVP 143
1511 IF(lNLO3)T-rJG) 1~jvllq1 DUMP 144
10 JTEST=NG DUMP 145

-TEST 1=1 DUMP 146
uD T'- DUMP 147

11 JTEST=NLOST DUMP 148
JTE6 1 1=2 D~ufvP 14 9

12 1 F (JIt :T T-iNT L) 13,914 p14 Dum~p 150

13 J IEzT =N fu Uum~p I ý
JTE.:>l i=3 DUM1P 1:D2

14 IF(JTtL)r-i,4I1)15916,16 uLM.JP L ý

15 J T L bII=4 ouiuP in4
i T cý ST =N fTI ouMp I - ,.

16 IF(JTE,:,-N4) 17q18918 L-JM~P I ý)b
17 JTEST1=5 DUMVP 157/

U TEST =NW DUMP 158
C18 AT Thlui PuliINI JTE,:) rlA, DUMP I t)

r-: JczT I I NLuICA i c Ti-ic & KIgNu Or t-o~l-,T I L c UL.D- rfT I v T u br L)J'r-'u Uu,,mpI- Jb ij

C :IE I tic. F~,LLQW I Nu CiULcc. AIrL IqA I I Qi, r vi-(i J r-3T1 ~r-1r .J U IuM-! d o I

C Dump 162
C J T E,)1 NAmt OF &.IN4D ul- P'AmIj-T1Lc L)CM(Iwiri~ Uu'DLdH I o5
C VALUE CLAý:S C~uNTER TO bL Du'IPED uhTu TAPE LUi-dii- 14

C 1 NG GROUNDED PARTICLE,) 0uimp I b
C 2 NLuST PAv< TlICL L,> OLYUI'NU Inc. ArýLA.:I FUnK vN~ij..r U OP 160

C ojfmr-tTPu ANU wINL)U3 HAVL cicLcN ;~i-L:C- L)Vil(P 10 7
C IF IED D U.NP 16b
L 3 NTU PART IC L c~z DEYui'LD THLc LIimIT6 ur Tn-ic. L~ul~ip 169

C TUPu DATA CuI~kLiTLY AVAILAuLc. IN' CukE~ulAP 17u
C 4 NTI PAR~TICLEý: THAT CA1NNOT bE VALIDLY DUMP 171
C TRAN6PORTED FURTHER uiNTIL THE Wli4D DUMP 172

C FIELD DE,)CRIPTIUN I6 UPDATED DUMP 173
C 5 NW PAn-<TICLEs) bEYUND THL Lli11T5: OF Ti-I DUMP 174
C vyIrU UMIM CukRLcNTLY AVAILAbLL 11'4 C-UkLOUMP 17ý)
C DUMP 176
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C TEST TO SEE THAT JTEST HAS AN ACCEPTAbLE VALUE. UNACCEPTAbLE TO Dý;MP 177

C ERROR STOP AT 184 DOMP 178

18 IF(JTST ) 141d49i84i8 OUMP 180

184 IRROR= 164 WIMP 181

GO Iu oU WjLýIiP I ts

C A LLU A AL L QjýI XIH TbL, tL K ) JL (1'4 Di~'lA yc. T io.ý. ULJ'rl I 10

1612 IF-( IJ1E,)- f A ) 1I d I v1 0 1Ui v .d/om- L

L IdJ rtDLI Jj L-jI Lý.OAL. Tlu i IL ',A ALLý,r-olcLL DlOLpU 3 4IL r Ir,- moi 1.Ui~r i*- 1o

L GLLH'I~cLL rLLN'~ ZrILC NILL DL L)UIi-L..). U),imi-I i9o

18.5 JTESI=NBtMAX DU-lt-l 191
c OuýýqP i9e

c j r FiLY IAR iN c 1 O I. JLJ U'-I' L t iý i\-ý L)L IVOWL 1ý9 vI l'i' I~L IN L L Y DL AýN . %LJu Jý"dlli 19ý

L. ,LAV<-LMJ.L ritl ~IIt\IL LLAJ..) lvU,. ILl' OY i,-L 04ý1'LI( Qr Lrr Vow 19o'

C i II1uiv ADUQ1 iU OL .,r (j~cczjI) Mi r--x ý~Atri'QHINI IL ý)z.1I ihj L)uivi 1917

L ý)t- [MCia Ilt-ýL ll - i'4iA-.~ UUMII 19o
LC0 011 11..' iI lRI-LIaLL'.IIUAd WUL L)VDl1 ±9V

181 GO lU (1992, 21,22*2j)tJIE-il L) j mP 2 0 U
C DUM4P 201
C 19 CODE K.' MA&'L A l-)GN~itv~zL FOR IrlL ý,ELECTluo4' UF G;<uu'JDED PAR] ICLE&ý. Dumpd 2 02

c u~v'.. iu'4 L) r';- ICLE,ý AXL LULNI41i IhIL) cD irill -Ai ,I Ir0 - 9-_ I~ q i U wli4z U ý

.n u ri. U F mf-~ I ) P NL i I-' oý) EI U..L r-L CL-LUi 1 -,. IriMlI Il-( )-f fLivilI jL.'lir' Z L)4I

c uL..c-, Nu I' t'.ru - LEF ). Uý~p e :

C .~.A J ,ir i' jJ -1-- UO-JI-L.,L r,-ýrNi iCLLL: AINL ,L,VY.; IINIi I L-ý ýli , IU r-I. ,~ LýO UO

jN1AP=IPOUr L) QI'IP 209
ASSIGN 3uu TO Ni ouUmp /lL

ASSIGN 4uu TO N3 Dump. z211

ASSIGN 42 To N2 Ou'iP z14

AbS~IN 42 TO N4 DUMP 2 1,
Go TO 99 DUMP 214

C DUMP 215

L. 1- Cu,; i I v I iL 114 i c -) I J I m iv1 i rl JLL..IL u PAI'iILL ý hE iIICL hrAuT Y o M L ) w k P 217

L 1'4 L U IA i VL r Iý t )( ) A~ I N .'m ( P ir, 'ri r LuUML- J 1* L i I 9i, rlL Tb-I ýIL W HL'N UUMP /-16
L. i LUJI KAIJ jr-ýI Q-rLwIIL i3 U/IIJ V IrlJ L i±'.L.LIJ.' ,ijr ID 1 1ý I f-LZ MIN I A L L-Y UI11P 219
c IN t<ILi t~lý V, v r H m IuI - J r-AIL'C.l..J i l' '-;i '.Me L IJ I . LUI N~ILz- r-M rP(Lk Jr I < LLUuiviP /21U

C I ~ r(lL' I a~i'. Kh INCMUVA r-u- K~r I~. rv-L- Iri Um.-~rL ur uP 221

21-I 1r4LUZ:)I =l'4LOT-JTEST L) IM P 22,-I

NTAP= I-OUUT D)UMP Z2 1
ASSIGN 5uu TO Ni vUUMP 224

ASSIGN 42 TU N2 L)U MiP 225I

c DUMP 227
C 21 CODE Fu MA~sL F~INLI UI Ttc.)rIL -LfUI'i Qr rlmmIj'.LLa lrlki AI IVL L.j' QMP e Zd

L (3Uiy OLYU1'4U Tt-i 101LVN Tv~v~mAri~o irruýL frMXfjQLLj Art L)'111I- OUMP e ý

C riL.. tY A PQ-'USiVL t-l-IA.( ) AN) IA Nr.UMfjVL THI ). TriLY MAl. U'..-Ip e3u

C YwKITTLi,' uoiiu -irL UFr-l[utQ T~I-L ( IWUlUr') OUT ii- UOt. Ur- IuiU~lu 1MA; LUIIp /31

C dELtIN )VPi<t.Z-)LL) (i0 ILiI 411- iL(eI=1), Tr-rt LY AI-(L ANI iLl'i V)) JH-it.m iu' J3e

L bYaTtivi uuT~uf TAPt. iIV)Tt.Ao. fri1,-r 1.3 i Lt.[ ]Ht- Iý1,rALLMHLk- Np\Jl..,w Umr ?- 23
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C THE TRANSPORT PRO(E,)z. DUMP 235

21 IF(IC(2)-1)2119212 ,211 DUMP 236
212 NTAP=I.SOUT DUMP Z37

Go T0 213 L) UIVP z3o

C 211 JlluH1~l lllL~iQ~lr- lr0 IHI ma1D4LY jF-Tv,~ AIv IL IrlAi Kr¶M-lil' ii'4 Ul"P Z LY%

Q i ri~ tc i mA T Am E Ifln.),>L i r1k T AiNEL. ji~ kCuI. c- I o4 T riL P t-',rTik-L LL A1 ý M MY') . L)ujIw- Z4U

c I)U N1P Z41

211 JTOP1=1 DUM~P e42
NTAP= IOTOPO DUMP 243

21.5 N~u=NTu-JIE,I> JUMvP Ž444

ASSIGN 30o TO N2 D UMP Z45
ASSIGN luv TO N3 LDuiýP z4b
ASSIGN 42 TO N4 L)UA P 24?7
AS,)IGN 42 TO Nl L)Um P e40
GO TO 99 L) UMIP /-4 -

C DUMP 250
C 22 C u L L - A t A,) I U II L-t T ku Tria .L L c--I u 1 Qr r ,A1,1l1L L, L H l A I A 4 ýj*r i

1'401 F L)L ~ r~a r--'ýIiiar- Q.hijL TtrIL Ai,40 rjaLl- iK) UýU i L' L:) er -

C AI iLu -NINL) Ii'. Ilirx'A-Ll l a MI~L l Ia. ri.Ao )miL IMP jrij ,o.j )~a' c jm-i UlilP e : -

c IYa~ Q UI1-. 1 ,I I r Z A) 4u IF -, L z~~ D4~r L Iý I iAPC ýtv19cjT o .o

22 IFI IC(4in-i)Z2io2/Ž2,4i ODUMP 2.;p

,e222 N iAF =I 5,UT DUMP 25b
GO TO 223 DUMP z5,ý

C DUMP 260
C 2zi J f m-Ii= 1 1),40 1 CA TE i HAT Ti-ir .1 Qý T-)F -vv I oi \ýT ILLLZ H-A f iL-ami 0I,)UN~ e01

L b 1 n 14 1 ,)-)rI M ria LA 1~ ~ 11, Qmr-cI- . I m-'L'I -IFK1'. LL L AK jrA Y . L~il eoe

221 J T IM 1ý E D ILuvP 263
NI A=I P A RT V)UivP 0 4

Z22-3 14T I = NJ I -J i E,) I~1 Žo:
Az:,,ýIGN bQ TU N2 e~P oo
AbS:IGN 4e TO N1 DU1P Z6 i
GO TO 99 DUMP 268

C Dump zov
L 23 COOL TO .I,-IMNL A3 )I IIu.-ILP41 rý,,< hill L i ~ vu-r-ANju -ir*i, miNL- kL, d~-, H 7u

DL.YJNL' Inr. Lii',II,- 'jr Ti-i.a /lliu~ UiIA -U-\i(LiaiLY MýV,,L.AULL III .- rýa. ýu' ý, 11±
C itHLa t-'AkFICLK) Ak" iK'aNTIFIa.O DY A Jý',)Aipa ) kil.L r u) Ij i -I i J lrIeŽ.

C I-p'( ) . i'iJKi'ALLY In-l Y AKE va WI I I LP4 ii i u IAPL L I )Y14U~ 9 A UUI VrlLl~i HL u)j,-. e7.-

C aZML mIA-ý Zc T I C ( 3)=I I .) luPivy. 1 1,4L) 9 Ir-iaf fAAZ A .ri I i '. jii' I ria L)ý.1 r

c .)ý)t QQIPUT TAtPE TK) rTIFY THEI U,'aLl. uumP Z7ý)

234 ir4TAP=ISuUT oumP z7 7
00 TO Ž33 LDUAvP e7o

C DUMP 279
L-231 iJwiN,)1=i INarICAIK) lI-iA] THEl uNLY uDT-QF-,qI;,.u-F JLL) PAR] K)LLS) fri.T LuarmP 28U

C Ll..IN TrHFE A rM Airc. Ti-,uýc THAT ARE IN TrIL P~tTIC.Lc. A kAYS'>*uIi-iP 2dl

231 JMLIND 1=1I DUMP 282
NTAP=f0lNw ) DUMP 283

233 H tM=Nv-j-JT E.ST DUMP 284
ASSIGN 3uo- TD N1 I DU'1P e 8 t
AS,)IGN laj TO N4 DUMiP /Ž6oo
ASS;ý:IGN 42 10 N2 uujNP 287
AbS:IUN 4e Tu N3 DaroIP 460

C UUMP 289

C 99 INITIALIZE FOR BLOCK-ING SORT DUMP 290

99 IRSET=,) DUMP 291

I CONU DUMP 292

149



Jb=NALOFT JUMP Z9")
jT~~ D U MP 294

J=JB DUMP 295I
C DUM1P 296

C wR~ITE wfu A DuiMP ,uiwARY DI)1P z9t

OKI I E .( I Z J I s 4 ) JILlJ i r- D f % J I rI4 UQIjvip e9o

Q. 9d C.LAý)f)rY rInL ~iri rHAm-I1LL A3~ rnAi',4N. TV. L)L LdU-*,rLL)o Ul, ii.T T,- jr b Jm'P )ov

C Dj. i P c: O)UIVP 301

31 GO TU %1,(3j,3oýUj9u42) DUJMP 30o I
32 GO C'D ~i,2 k4 2 3 - ,o5 o t 01 LVufP .504

3.5 ,GuIu ivqi, u) I + L) vP -O70I
35 T 4 9 s io ý, Lij P :,Oc7

C 31 ýL A NK, NuT TO bE L)uM',P ED Dl,~ip .312
31 1 1 LUN 42 2,9, 1,9424 -m yp 3 13
~.42 N I1 -OLA IN N iiý~T li u rD L --uh- : 14
42 iF I CON)441,42Z+,424L Uu ýl P ý ý
C1 ' L TO DE LUMPELU 'JI'p 31t I
IuU0 IFI ICD'N)9-j,9-4t90,J LXuMP .517

C DUMP 310

L 'i I~+ DTk-DC LuuP - .52 1

L V, -IuvL Tri-L JUD-Tr- ~I 0L iD i -r--iL DLMO L I o4L (JOL 0~ L

9~- AiJnL)=XP(JB) L)U-P~ J24
YP(JtIL) =YP(JB) uui-P 3251
ZP(JBL)=ZP(JP) DUMP 326
TP(JBLI =TP( JB) DUJMP 327

PS(~L)P~(~j)uui-iP -)2o

1:'AS ( JrjL =týA b( Jbj DjAP 32v
J T J T +i -)ý, 4P .5 1
F , 5( Jb) .u UU.ý P -1 51

91 IF(JI-JIEZA) 9jl,9u1,11j. L) 03ý ý ý
9Q1 i L = Jt3 L)UMyP 333

1ICUN-1 UUTMP J334

J=JT D)U MP -33 5

902 JB3=Jb-1 L) r4MP 336

C ~ Tk rCU-rrH'TCLI~ii~A~ ~;ALMl L rL~IGO TO 98 -) iI'l P 33~ 7

C INiJICATE TH-AT I rm z IIU OL Pi f oiAý-N I i,4ID 'IL r'~,r-T I'-LL- Aki-'ýYD Al Tntir Ovine .5,)
C END .A- IHI,': D),.AP Q-ti-,ATluN. Lu,.t-P 34u

90 YPT=xP(Jb) uum~P -ý4

LPT=LP( Jb) L)M ;
TPT=TPI.DB) LvUmP .544
PST='S ( JB) DUM~P 345

IRNSLT= I D~jP ý4 7
FMAS CUB) =O.*U DUMP 34o
GO TO 901 DuMP 34iy

903 JT=JT+1 UuMP 350
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J=JT DUMP 351
IF(JT-JTEST 1989989110 DUMP 352

424 J=J-1 JUMP 353
J8= Jri-1 I DUMIlP 354
GO TO 1104 DUMP 355

C DUMP 356
C 421 omuv iTHE DY-Ti-i L1evE fu 1,r-I L-IAJ'+i. Li INL (JL) DUM'P J57
421. XP (JI3L)=XP ( T) DUMP 358

YP(Jj3L)=YP(JT ) DUMlvp 359
LP (JBL)=Zri (JT) DUMP 300
TP(Jbl-) It'JT I DUUP 3bi
t'5'(JbL)=P%(JT I JUMP ible
F MAS (JDL5I =Fi-Abs(JT Pump 3b3ý

4+22 JbL=Ji L)UMNiP 3o4
4?23 I CUN-lI DUMP 365

J=JB DUMIP 3(D6b
i iK-4 1 thI Jb-JIfI jQif ,4 J)91P' )u iP )6 7
11 -3 J9L m~ Jý3 DUMP j66

C 1 ho I S THE TEM~ukARY S)Tui•AGE LC \D)ID. YE% 10 1101 DUM~P 36V
11,, P ( IR S17T )1lfI,1h2%iljl DUMP 370

C DUMP 371
' jioi mLr'L.MuC. IlrL Itt'ji*iL IýJ~~itrII'L I rlL bi LJNN LII, (J L,) Uv.J*H 3/

11. X(JOL) = At' D)Ui-I33
YP IJbL) = f 1 Jl-I D IP )7,+

L f (JdL = 4tI L)it i / )
H J r-L) L = JUMP~ 3?

F.;,AS (JMiL =FitAzT Oui'ý I C5

c J N'P 380

c J 90 i; PI N C 1i-& t:duiP 362
DO 131 J=19JTEST L)U MP .5b
I ý ( P M4A 5 J I))I, 1 1,111 911 D UMP IQ4

14 F 1AAS J2 -FINA$ SID)F)DUM P 385
.11I i I-lIPID) )121*13i,1i31 1u.1P -5 8 t

1c T UU =-Iý I qP ids1

C DUMP 390
C DUN.P 391

t '".' L) 'r ni-I lLt .L -L L,) t uu4rdH luw JLimP -5 ")

L 5' 1 r- i r-i r 3f irt'I U ~Ir ' J I At H r i J L WN v iI~t~ r-Ir L, uL tt 04. L) LJrH J,ýi

C vjrITrt AN '+rI- uPMrA1AL I IlILL. oumP j94

c UUMP 39b
1 t- [Hr- H~lirilI i'u Uk- LQJ3I PAR I (hot U L :)t(LIiPY(U' 3 ro luNZ I uL R 3- LJ uulP .59

C Cu Fo ~4 D),Jvp ~o
I Fi I C-()i*oL .NU ~U ) Curu ~4 U,.l-p .) vsi

" KI I E tlz9uA1iJ Ft D IJu inP 40U
" k IT t I fui ,2 L Uu tP '401
GU 10 :)iI: D1 I I ) -~P 402
A1 k I T E (IhoUT,9) DU01P 403ý
Go TO ý) 6 D0JiP 404

513 WRITE (ISUUT96) uuMP 40ý
GO TO 516 DUMP 406

514 WNI T F (15001,7) DUMP 407

GO TO 516 DUMP 408
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5 l)* ~NTE (lbuJoo) U~mP 4+0 9

516 6 RI TE (I,ý)uI '3) ( - ,z ,J 1 vJ T ET) o ujA P 4lu

GO TO 54 )OMP 411
52 WRITE (NTAP)JTEST DUMP 412

155 WtKIT E (1'4TAP)(XP(J) * YHJ 91JvP) -,A, - i Lu.,IIr 4+14
GO TO 54 L)Um P- +i II)

252 wkITE ti'4TA') (AP(J) 9y j 9 ZLP J ) 9 H(J ) 9r")(J t ,fNAz(J ) J 19 1 Jr-z)I L) jur1'iP 410

251 (lIC(l 159:)1o~lL U bV/,P 4101

C 54 Aou I rlL i'4'11'iLI- ' L 1 -L,ý J~jT o~ji~ikLU Tu TI m oi.-oliti-< ýA L i,4L: LI'l+ I YF Du ,,[H 42,;

c e',ýLVIjUUZLY AI.L, Ir-iLIN LLý ýUI TriL lOP UF Ti-E Liithz) Jiz,,T LOuiMwD T'- L~uiMP 421

c AVUIU L)UJDLL LOUUI'4NiU L) i vP 422
54 IlFkEE=NFkLtwTEST OUlP 42J

DO 54.1 J=i,JTEST DUM~P 424

541 FMAS(J)=O.v- DUMP 425

C DUMP 426

1 F(N F R:E:- N )151,iDZ911)2 D U MP 427

C DUMP 428
C 1i ý):ýk Tr1Lt<c INL'?i ~W.J'jr1 c-LAINN Ljiqc., IN F(-tL) T~+ A tL'uJH, 4 2 1

H ArmTICLL AMMrAY Tu mrLý-ILVL rriL N~ Pi-\lI ICLL,. hriAT kpjý. vAl [lii~u lu L L)jINP 4-,)Q

L R<EAL) 1".. Yn,' TO 6J L) uMP 4+31

152 IF (N-JTEI)TbLU6U~l5'+ L)UMtiP 432 e
c JUMP 4 -
C 154 C U 1D L~ 'i F-IN LAhd', ýi , I 41 u riL- Fr~- jý '- h - r+-r• IILL i-mir(MY Ldui'Ip 4.5,+

154 JFi-k=NALOFT+I, DuMP 4.- :

K=JTLESlT+l DUJMP 436

1 F(F ';,AS (J ) ) 57,9ý6s ,57 L)uM P 436
5 7 A4 ~Ai- I IC L E 'U,)T , E V" aVL) U .VN L) i iP 439

57 iFk=JFFk-1 DUMP 440

58 IF(jFmrJl-DIlc)o0U00U9D DUMP 4-42

C 59 'iOvr Tril- I'K I (LL DUMP 44J

59 XP(JFi0)=Xt'(J) DUMP 4443
YP (JFi-<)=YP(.J) DUMP 44 5

Li-hjF-H)=LPj () LDUi-iP 446

TP(JFmijlh-(j) DUMP 447

ý,S)( J F t) = P,> J) DuMP 44b

t- MAS( Jr r r( i-iA5 J DUMP 449I
F 'ýA S J U) = DUMP 450

56 CON rI NUE DUMP 451
6 j FT U r-N DUMP 452

END JUMP 453I

454 * 3
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zlbFTC RL)TOP L ) D~, IkL MUT
SUBROUTINE RDTOPO fLb) R OTU 1IC 11 OCT 66 RUOT 2

L T o . ")Cnr ý cNV'K E nJ~M. 'ILK(MT1'z)" KýLLAr<Crl K uUT~r<U CL-AINKOTU) j

C Tmr11, 606kUUT N IjL'j,~ci-Ly r<LA) L,'Ic T,,,,u IDLLCK INTU Ar<RAY 6" '10L K(LTO" 4

C 5)UDSII.. IT LXHLCT.D mrrAu LlmlITo TQ oE 11'4 C wniui'. , <llt~gK Ku~~,~' Tu
C ERROR EX.IT IF bAU LIM1IT3 RJ~u 6
C RDOT 7

C RDOT sICOMMON /SET1/ RDOT 10

2 u i , 9 u I , ItXL , Tr-1 , ,IN t u T"'9- , ruTu 11

2 ) 9 . D~i Am 0 ),)A * ,ýE 9Ta1 T, L m LIT.) 14~

4rvlY 9mAI' 1 ,4 9 1 I OIST N P ~ r<1 , zr, m m2 f,ý,AN- 9 1- LT u 14

a I-;Arm4 t , ý , )P'Amb PA R 7 , ýýr-Alio , si- A I 1 , OTU Q

C ROTC 17

C A- -KK[ 18

C H DTO 29
COMMON /SLET2/ kDOT 20

1 , ubz iL)9 , O ii4T 9 oXLL 9 XLý 9 bYLL j-,Tu 21

2'9 BY L , IXLL A TL~ 9 TYLL 9 TYLU f AOL K(LJ1O 2zI u oL- LP - L1ý -LT ý
4, N.Lh' , I M 9J 1, j 9f Ap I Yu Ioj 44

5' ZP , i Fm T P f', 9 VX 9 VY RIC 2Uz-

SVL 1- 9I LJL , IoAuUL 9 quiýI i4T 9 1 k A f K<iU 20

7 t fl-LA V AL LY 9 WUM ul<X 9 V )I, '(Y s, O rir-I T 9 iP Ak RIII -uTu 2-1

1' 9 l\L.J 1 9 N~G 9 x" - , NT I Nvv RL)TU 30

Z 9 iA...Uh T J .1 1,- , r-1 qb-AX 9 Nýý- 9 A, NC L tiwTU 31
3,9 Ci-i'AAýY , CIrl v NCR i YP 9 bZ CRii I N/ 9 CRA I AY RDOT 32

4'9 uI. ) N q c) 9 4LJC I R 9, 0TLUC 9 AT LP I-<TC1 33
5' 9 ml 9 A 9 , 9~ u, -ý q rI, ý ,j C RmAXA R L)T J i4

6, *OE ku AIT ý

L) '. E ,Z, I uN :,( 1 9 1) 9,)uBzi (4OO) 0 1C iLa) RL)TC L)

L) I t lýI ui\ xi- 2") tYP 200 Z ,(2 U %FmiAcA ( Uo i u)C -10

L)I E' Ij 31)jN T H 2f , i) p O) 06A TE MP ( 2.6( L ,RHu(260) r(L) T v *39I )I.EiN.z4CiU4 VA 15~u ,VT(L50u 9v V( 15o) 0 1L ( 7 u u..,I 4u

D I ilE Nz)I UN jL li ,I iAO[ ( l'3) tJRA ( 70 D01J 41
Li 1,i Fiý-)I uN vvG 1, 1AiNJ16) 96LLX(70) ,WLLY(70) kL)T U 42

L) I "i r-i, 31QI', i~,, Ii A (6 tL.xRýAXA ( ) 9 C R I IN Y Qk CRA Y 6) k LT 4-
0 1 ,,E 14bI Qu14 Cm.rri[( 6 9,4ýr1Yi-o 9 ,Ju b iRLoTC; 4 b

C R<OTO 46

C L)~w~X T k ~ w wk~,*~.r u 47

FU•C ~ r3r~ k)T LoU T~~u 0-J h.rA-. 4c

IL F ~utInA f .5 5ri v II 4CC QKrAcA QF, 0~ ML L u Oh, C~lT L Z:) KuTo ~u
luu F ORMA T I uF IU 3) L MT 0 51

C kL)TC0 52
r RL)TC0 53

C v< D, T,~ 0,*~,**********<T 55

C RTOT 56

I I=ITUPLV,(1,Lb) kNOTO 57
Jj= IiUPLM'(Zv K LL)MOTO U
KK=I TUPLIM(3vLb) RDOT 59
T T 0 ,V= TQ PU L 1-1( 4 9L t -< oT C bu
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tbXLL=TIý'ULll,( 1 Lcj) r(LujTo 61
8XLU=TujOLrii(3,LB3)*hýLvAT(I1I+oALL m D I u Oe

t3Y L L =T -u PuL m( 2 9 L b) ML

J F TL)P U =L t+1 i,%LUIT 0:)

IF (I193112 RL)TO 6b

2 IF(JJ)l1913 FRLTO 67

4 F ( I I - IL I M) ! 95# ) Q;
5 IF(JJ-jLIieA) 7v7qb r<ul)u iu
7 IF(iKK-KL~Im)oqd,6 Kuiu lii
6 w RI TE ( I SuiT 991- xu Iu 7,-
lu bTUP r- LlTj 7 j

1 WRITE C(I SjUUT 911 r'.lu 74+
GO TO 10 rýU1 /<L Q I:

REAL) I 1-TC)Pu) (oubalu(K') t,~=ltK') ,uIu 71
WHITE I L.,vuT,1.W) (600.OU-ZA) N$~,K L) TO 7o
kETUR~N kL.)TC 7V
END t- T u 8

81*
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$I6FTC LNK5 LIST90EC&,rIA94/2 LNK:5
SUBROUTINE LINK5 LNK5 I

C T.WeSCr1WEN~KE TL(rINICAI, UPCNiATIUNS RESEARCH- LINK~ 5 LNK5
C 15 OCTOBER 196b LNK5 3
c- FIRbT uVERLAY LINK OF- TRAi4SPQRT PRQ~.GRA~i. Ii~lTIALIZATiUN MIL) CALL LNK5 4
c OF wINo FIELD PREPARING~C .>Ub'UUTINE iv twI N L LNK5 D
C LNK5 6
C 7
C LNK5 a

C*****,* TAPE IoEN'T IFI CAT Iu'NS ANO4 AZIGN'iEtT. **,iD-~* LNK5 9
C LNK5 10
C NAM1E CONTENT LNK5 11
C LNKD 12e
C IhI~fý,u TutuGRAPHIC HiL16HT UMITA TAPL- Li'K$) 13

C I.J'A'. rKrTICLc6 ALOFT 6UT bLYOI'JL) I'l- CIurL TUtr)UtNPr-iY LI'O-' 14
I, I L w v PMT I ýL LZ ALJýhI ouT LJL-YuJlL) 1IN ý-ur<Lý vy'itLI r ILLLJ L4N~ r,) :

L I P A N11 1- ý,T iC L r-S M-L, T Aiiu TQ Dr- LUL~~L LN F : io

C iH i-< Nu It rA TI TC L E. A L 0 fAr MA iT11T4u 1,4E A I"~t rLr~. M 'Iii u L)Z17N)
lpouj. PK9kA'q Pst.CiF IC ouiPuI LIN r : jo

C I T YTiA(BCD) UUTPuT TAPE LNN~ t)i
C 1IsI1N SYI5TEvI INPUT TAPE Lo~k5 20
C L4K~5 21

C LNKa.S

C A~T L.IP (J) ATr,-uPriERIL VIý>Cu-ýzdTY oi, [ric i-Tri ,TjRA[U., Li~rN5 24+
C AAPAYPAZ OUTPUT AR3UE4ý v F LjCAL ik<-ULATuiO4 Z)YZýILVI -1N z :
L Cuou-z. XY,'ANL) Z. Co ýji F t~t4. mT T-ic Li,,N zo
C Pu.s;iT Iu\ OF Tr-IL U-Tri Pki-TICLL. LNKS) t7
C oLAN( oLArN& L.IT2XAL L IN K ýr'. Z L

C tiOli-IT(K) ALTITILJL OF ouTIOM~ OF- Kb-i vliNL LJATA t)LuiK LNK5 29
bZ LENGOTH OF Tri-r SI0L ut1 Tri- ;.ujAkL ý..LUUL) 6woDL)IVIS-L-NK5 30

C lio'JS AT Trit TIAvi OF TriLIR L)t.FiNITlvN LNK5 31
C CbkEL1 SUoRuuTIN2. SLA oiEZ LIRLULATIUN IUQL~L LNN5 34
C C I N. I N T Irimr uNT IL I NT 6 -)EC T 1uN w Ir- I r L t-I Ro[ LvCAL L -N K-, 3.:1
C WINDO ,sYSTEM L 1K 5 34
C CIRTYP(j) Tril LOCAL CIN<LuLATIuli TYPE OF THt JTHI zY6TtE" LlNK 35
C I MOUr'WIýij ~i'L WID LNK5 30
C 2 RIDGE wINu I LNK5 37
C 3 SEA 6RLL2.L i LNK5 3b
C 4 )EA BREEZE 2 LNK5 35j

C 5 NOT A~SIG.4ED LNK5 40
C CR101 CL.UOL) RISý I L)NT I F ICAT I UN L 14K:) 41

C C f<iIn 14X J) SI A LL E 6T /( COukDIi\AIL ,F Tmz UT-i Lo-CAL s.YbTrl' L 114r, 5 4/
C CmliAXX J) LAm6EST X( CJOkOINATL uF THEL jTri LOC'AL )Ys)Tt,,i LiNK 43:
C LmrrIiY ( ) SiALLEST ~'CuuRuVi ATE OF THE- Jinr LoC.AL 6YoIL-., LbSf, 44

C CiM~AXY ( J LgikUE6T C CuKD~INATE uF TriE Jul LOCAL OYiLl- LIN r 4:)

C Ckom-TIN) riEI~mT oF ToýP SýuN-FACE OF Tr-iE rxTri LOCAL CIk(ULATION LN NJ 4o

C bYbTEM CELL. LNK5 41
uC JI I LJ) jINITIAL CUIi ITIujiNU) (I-IIkLOMALL) 1coiNTIrijOTii, L .c, :)4o

C uENT I Tv~uKAkrHY TAH-L I iiT I F i LT iUN Li TL-ML ( I i-ilPo L 14N:)4ý
C Azý READ FROiN TAPE LNN5 50O
C LOt.'T T PAKTICLLL6 ALOFT lilti-T TAi-L IL)iU rý-TýjLINIIFIýI)ui
C LITERAL AS REAL) FR~tri TAPE LNrK5 524-
C OT LUC T I-,L I NCREmLNT FOR UbL I N TtHAi,,zPvkT II ~I l LOýýAL LINK5 5j~
C Clk(ZQLAT lui4 bYTE'm CE-LLý L N f, 54
C UTMAC T I -Ic I NC R EmcN T F U~ m S- I N TkANSPUrmT WITH~i-I THE LifNK5 55
C MACRO FILL,) ouT bELvvy !iAIiiovi TuPoor<Arr-ilo HLIoHTLNK5 10
C 1)T ',T CANNEL) COPY OF F`AkTILLEý3 ALuFI INPoT TAPL LNK5 57
C ILuENTIFICATION LITErNAL (IPARIN) LNK5 5o
C DUmPI' zu3R~uT INE 31LLEo r, AiND. L)U!-IP,) QiNL vi, illut~ L A K - 59
C SETS OF PAATICLL ODLKEC'IPTl~orisý UINTo TErII-oKARY~ov LINIIK oO
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C INTERMEDIATE OUTPUT TAPEzs. LNK:) 61
C ENDTIM TImiE UP TO WHICH- TH-i Ci.RR<ENT WINOL FILLUuES~t<IPTLi4($5 0/
C ION IS ASSUMED) TO d3E VALIU. LN K.- b.ý
C EPSIL A SM~ALL NUMBER LN<5 64
C ERROR bUbROUTINE ERROR COMMENT ANL,/OR ,STUP LNK5 65

C FALRAT SUBROUTINE PARTICLE SETTLINu RATE COMPUTATIUN LNK:) ~o
C FMAS(J) AAS6 PEIR UNIT AREA (;MIK6) A,.3UCIiMTLi WITH- TH-L LNKD 67
C .J-TH CLOUL) zwoDIVIbIU'N (PARTICLt) AT T-iL_ Tift. uFLio': bd
C ITb UL)FINITIoii LNK5 69
C Fku(, A r ýEC w P Uf E L C ui bTA o4T 14 P-U T F-UrH<ý b R0U T I NE : Lok5 7u
C FALRAT LNK5 71
C FV OUTPLJT AkGuAEr4T UF I-ALRAT (mK,ý) A Po,_ITIVE Li,4K5 7z
C QUANTITY LNK5 7j~
C FW FISSION YIELD LNK5 74
C GEIwND SuDRuuTINE (3rTS iRALRU WIND VrCTUI<S AT HARTICLELojK: 7:)
C POSITION LNK5 7b
C H OUTPUT ARGoiv'ENT OF bUbROuTINE HE.IGHT LNKý 71
C HEIGHT 6uokNuoTINE RETRIEVES TUPU HEIGH-T AT XY LNK5 7o
c. IIOb rLIGH-T uF ouurvý rýLLAIIVE Tu .iuKFA(cL riiuriT Li'a:) 7,j
C HS TLmPUkAi1Y sor<)tA6E FUK SIAi'sUARD ATM~U,ýPr-rI"IC LI'4,5 60
C STRATUiA bufTomi HEIGH-T LNKý 8i
C HTuPu HtlIOHLST Touo HEI~riT ANYWHLr<L Q14N THE TuPu IMPt L;\NS5 8z
C H-TST CANNEL) COPY JF TUPuurKMHHY TAPL Iui4I1kIo LNK., b.:

C LITERAL CIHTUPU) LNK5. d4

C IBADD(K) BASE ADDRESS) OF Kb-I WIND DATA oL(OCK IN ARRAYSý LNKt) 6ý

C VX9 VYv AND VZ LNK5 86
C IBYPAS INITIALIZE BYPASS FLAG LNK5 87
C LNK5 88
C IC(S) CON~TROL VARIABLES INTERPRETATIONS Aa FQLLUWS LINK5 8ýo
C 1 SoPRES., TOPO TAPE USEAGE IF= 1 LNK5 90
C 2 SUPRES,ý OFF TUPO TAPE USEAGE IF = 1 LNK5 91
C 3 SuJPRES,-S OU[ OF WIiNu FILLu TAPE UOSrAGL II- = I LNK5 94
C 4 SJPRESýS PARTICLES ALoFT SEC~oiDARY iltEiýukY IF = 1 LiiK5 93
C 5 SOPRESS Al-L TAPE SECONDARY oitMORY LNK5 94
C 6 TRAN~SPORT TKACE CoNTROL. 0 = NO TRACLZS, Li'U.5 95
C 1 = A PARTIAL TRACE9 2 = A i-iORE COi-iPLt.TE TRACELiNK5 9b
C 7 PRINT WIND FIELD IF = 1 LNK5 97
C 8 SoPRESS PRINT AND WkITE OF LOST PARTICLES IF =1LiNK5 98
C LNK5 99

c LNK5 100
c IEXEC EXECUTIVE CONTROL WORD TO CONTROL BRANCHING LNK5 101
C BETWEEN C.IAIN LINK SUBROUTINES LNK5 102
C IF INUEX, OF THE LAST LINE IN THE PARTICLE ARRAYS LNK5 10.3
C II ITuPLMiA1,J) FOrK THE TUPU UATA BLOCK Cv.JRRlNTLY INLNK5 104
C CURE LNK5 105
C IL(K) .I-ImITS ON INDICES uF WIND BLOCK~ DATA SET K LiNK5 106
C ILIM LNK5 107
C IPAS AoSIGNED GO TO VARIAoLE FOR USE IN DEALING WITH LNK5 108
C EXCESSIVELY SMALL PARTICLE MOVEMENTS ARISING LNK5 109
C DURING TRNNSPORT LNK5 110
C IR INDICATOR OF TYPE OF BOUNDING PLANE ENCOUNTERED LINKS I11
C DURING TRANSPORT. 1=X-BOUNDARY9 2=Y-bOUNDARY, LNK5 112
C 3=Z-BUoNDARY, 4= TIME BOUNDARY, 5= LOCAL CIRC- LiNK5 113
C ULATION C7LL bOUNDARY. LNK5 114
C IRRUR NUMBER OF THE SOURCE STATEMENT NEAREST To WHERE LNK5 115
C AN ERROR CONDITION WAS SENSED. LNK5 Ilo
C THAT IS TO BE PROCESbLD BY THE TRANSPORT LOOP LNK5 117

C IT ASSIGNED GO TO VARIABLE FOR USE IN CODE SELECT- LNK5 Ilib
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C ION~ REGARDING USE UF PLANAR OR -jiECEWISE PLANAR LNK5 119

C TOPOGRAPHIC DESCRIPTIUN. LNK5 120
C ITUPLM(ltJ) NUkidER OF CELLS IN THIL X D)IRECTION OF b-iL LNK5 121

C REGULAR GRID SECTION OF THE. J-TH- TUPU OATA bLUC-KLNr,5 12f
C ITQPLiRi(2,J) SEE ITOPLIu1,1J) buT FOK- Y-DIRECiIUN LNK5 123)

C ITuPLn( 3vJ ) NumbER OF EiýTRIES IN~ Tr-IL ON-DIMENblU"siAL bUb- L i% r, t 124+
C SIDIARY TOPOORAPHIC OATA ARRAY FOR THEL J-TH LNK5 1Ž.'
C DATA BLOCý LNK5 126
C ITT SEE IT* LNK5 127
C JDQNE IF 1, INDICAILS THAI IHE Ui"4LY PAkT ICLL-) THAT kE-Li,4: izo
C MAIN TO HAVE~ Ir-LIR INAN),PURT CUImPLtTLL) ARE LNr,5 i2v

c CURRkENTLY Ij4 CukR mcIm'URY. tNONLr-AkrL Ul4 Tri-I T I m'L o4iK 5 1jU

C BOUNDARY rAPE. LNK5 131
C )FTuPL- I.DICATuk OF TOPQ TAPL FILE PU61TIQN LNK5 132
C T1'-uS wvuRb RECUI-Wo TriE NomotLR OF b-IL FILL LiilK5 i Ji
C W rlI C H A R tAL) ( JMM AiANWU OLU L L okI NU IN 1 r- X T Li4K5 1.ý4
C ijiI v PLm ( 2, i) F u i, TI"IL 'iUPu U UATA o LUCrf, rý -uK iý .qT L Y I iqL ~iN: 1 .1-,
C CORE LNrK5 i1ýb

C JL(K) LNK5 131(
C JLIM LNr4) i.ý

C Ji TSI T LtirURAr<Y :)TUNAUE L N r)I~ J1.

C JTEST1 LNr-5 140

C +1 T-HE TIME 3OUNU)ARY TAPL IS IN uSE) LNK5 141

C 41NO TIME boUNUAmY IMAKFICLL:: ARE UN IAPLE LN~tS 144~
C -1 USED ONLY TO CAUSE AN ENTRANCE Tj M1AIN TkAN, ,ulTLNK5 i43

C LOOP WI rHoUl FINS] REA01INO MORE PART IýLLZI rUri LlNi& 144

C TAPE.. r Mijz ALL TRANS~ PukTAoLL LMTLL LN (ý 14.)
C I<LPIAININU i'4 COKE ARE TiKANbr'UmTILL JQWl AhTEr< A LNK5 l4t

C NL4 WINU FIELU HAS utrL.N CUIAPLT-U. LNrN5 14-1
C JTEST2 TEIVPORAiRY bTORAGE LNr,: 14o

C TImrli iol4uICTcS T-ilE HRLSýLNL OF HARTiCLLO u" TriL fi.-iL Lilo,) i 49

CBOUNDARY TAPE Li'4&5 150

C+i INOICATEL, TH-AT TtiE T Im~E ouuiýJAKY TAPL r IN *LN$&5 151

C U)L . U INDICATE,- irlAT IT I.. iluT IN u,ýL. LNN5 1:)

C-1 INUIL-ATES TI-F-i Tr1LK-L ARL TI ImE you;~uAkY L N r : -3

C l-'ANTIC-LLSý Iii L-Ull-. -i 1,- uzLL) IU CAU,)L AN L N K) 154

E i f i<AN w- r- U F riEr olAI11 LUJ P w I f Hju.T R,.)-T L i v LF,

C, IMu oi u mIuL iE iý,AkT I LL Eo I N ýo A ~ IU z; tQ K L NIrý5 i:)0

C ALL i~kAi F)ui-<TAULE PARTICLE,> ViMI LrIi IN LiiK5 157
mc.L-uIY Ju),I AFILIIm N 'Lvy AiN) riILLu. Iu) '-uIlufLu. LI4-N&)it

C ~ T,.)r INJlrbX 0- r-IIurlziL -eiiiu LAY--k. -)Ll oy -iN"1140 UK Lhr4I- !: ,

C LINK 6 LNK-5 160

I-ul LAQ rurI PkmITlI'LL-)UrJ-t TrL lio4 Cuc TuPQ ,I LI,4&.5 161

C J U~cLu of LlrP-7 A14L SooUuTliv&Lo ,o Aii IiI4uL)L OF THELLNI'b lbi

C ijviu orIATum CuklA1,I"INU A H~imTiýLLL Li,: ib-3

C JiqA u iiNL~rX OF ý!ACrýU V~iNU ýLLLL PmK'u"u ~rTILLL LNfNP 104
C JUVAL) 1 TL.-Pu-)-<AvY ýTu,ýAAUL Fu%, PRLLELrUINu VALUL Jt- JoA LjvrN5 lb5

J4104u1 t-LA-Q F-ur PAmTIl-LE., UUT OF IN CURL wl)r4U 3ILC L o .~5 lbe

C ý L I ivi L,-ilT,) ON INDICLS uF IuPUj AkRAYSý LNN5F 167

C I I -j HLori( 3J ) Fv,ý Ir E TUPu LDATA cLvCtIK 1--oKrLvqTLY I4Loi'N5 166
C CJRE LNK5 169,

C LUTIAI(46~T~\ LOCAL jYzTL1-ý H-ARTICLE Tr<AN,)turT Li,.&5 170

C CooL LNK5 171
C i,XAT Qu ,-AX. ,Q. rur-' UL)'CN CAPAbILIJY OF- PRuur<At~ L N , t 17Ž

C WT uu)EL isu CuNi RuKQ I mE AiiuujiT QF TKAiiy.uIdi I I ACL Lir-a) 173
C H•i-lrTIrqu Ii. 1LIvr 7. t=U-K~i~rIut eýPRioiT ALL Li~r',) 174

C T kAC Lb. LNKS5 175

C mTwNNOI -,UbRuuTI NE -urujTAIi4 vINO) CIRCULATION -iUtLL LiiK5 17 (

157



C N NuibjER vF PARTIC.LE A k~~v DuuT IV DL kLkOLN(,: 177

C Fku~il THEI CU~iýFNT .ul-u(.. tOF Ti HMIC IiipoT LPS j,4r 7o

C TAPE LNISb 17ý,I
C NA N'mo1~r( ol- A`TmvýiUPrIrJLK LLVrLLLL) ~ iL 01314~b~ I ri lr L Ii K)jo,

C T AuL~ t,,F ) I i4AINIL)AUA MIYIU I KC L)jEY,) I IY A i4L L Ii r,5 o

C VISCOSITY LI'4(, id2

C i'4ALuFT SIZE vF A~kRY 1--UR P)AKIILLEZ, ALUFI L114N5 jod I
C iibLCYK 'aOmorj Or LDLut-,5 uF IuIu uATA tyi Iu~ 1Ar I/A jb

C NBNI'AX SIZE Lfivi'T UN OU,10 ~LLUCr, LN IV Lo:
C 1,c 1 TEi--'UI<AkY biOKk~ur ror< Ni'.i,-k'i1J) Ll~iKý ±oO

c NCL SPARE LINV5 167U
C iNCRTYP(j) LOCAL ClkCuLATIUN IYPL IULIifI[FiI-r( uF irIL J- I r- LI'K:) 160

C LOCAL S Y ST tM. I I.) 111~i\uis e iz, -Mlý'i, .q L I) LN&D iov

C Coi'(tZl, OIHriE<. AtNr -N~I.o IýK) jC90

C iFNr% I'4OIL)rlIý QF LoPi 1-L04L,) lI. H A, ICLLLJ ALur-i L I[ L K 19' I
C N6 NO~o~r- uF H, I iCLCZ u,-UUI'40LJ u (. 4 I - ýi I-, JL Li'!,2) i~e

' 41 iTAK<(0) I'40"OLr uiF -'K LO~ .NrN Tlopo 1,-'LA J M0, 10 I L.N. N jý j 1,o

C TH-E OOT-OF-IOý'u DUI-I-Lk Lif,ý) J',
C. i0LuL I IN TrIL ,1UMUE( ýFt LLAJl- ýi I 0Lm'T 1 oN 3YZJLI'l. 114 .JJC-L I4: I iý, L

C I'd L0 lLK -S T .C)F ~ rir;-U oNrTr-.o Dr-YUo'I, Lji-ii l LliND 1-)o
C 'Jpb Jl.,u cm~ Ur: VPArýT CLE 1.) E i,'ýii fIlO L-I\ T-L Ll'4N:) L -

C PHiTI(LE zli/L Li)iU ILj i i LJ 14N f, :)Y L L'. , i0

C NSP SPARE Li\m$5 19 'y

C ii-)[RAT ,.AA Iu i uOE F AC I ou:Pri~k IC ý, fr<ATuo OrhoCiNIH1- - L 1 K5 20uI
C IQZ UIH AT THiE tNL JIU<M, C.AIN MCL~oUj.JUMk LlJ4Nl 40

C iiT I '4O"'L)Lr< UF FAIl It L rL .D kMI I 'l o-, - I A-~ L- K0 sWL) L14 N:ý 40e

C )IT u li,'VLfLN oh fli, J-~I -Lz iMT [UPo DAMI-I L I' C i '4 ) LjiN,) e .

C NUL INIV-LA 4LLi( LNr5 /-04

C '102A,:iOýLUL' UQ iQ VAr~1MDLLz, roK Ou)L IN L.I~ ut-' LNDe 0 o
C I -ir-L Jirw u T .,I I00 v v T I rE or- L I ri T TU L v.-A L L I m L- L r t (

C POUT t-wo4ILL ýIJPY OF o?-(ut.JWLL PARTICLL3> TAPL IL,,rNT- Llir LCo& ,E5EL IAl' e04 20o

C IFick LITEkAL IIPuoT ) LNKý 210

C P~~'CONlTAINS .3NoORAMl NA~iEi INi oCO LNKD 211
c -SJ ~ Ali-RANUE frART1CLE )ILF- (!m1CRui'I) uF TIL J-Ini LN K 5 2iz

C H AIKT I LLL r-z-I -E r<AN u tL) -'-R1 oL L L) 101 Tn E. P I'(IIL LL L'd. r,:)e1.;ý

C SIZt V)ISTRILnOTiOiN AkRtMYS LNK~5 214

C PSEL)u PARTIlLL -LT EAPA~I4oIV' Pt-<our<Ai' oF IiifLr<FALrL Li,.D £1
C PI<OGRAi' RJi, Iur-NTlFICATION LN'Kb zio

C PSIZE. TcfrORAKY STOtýAoL FUP< PAIMCICLrL --,IL 01" CýWKRLI4 1-1o4r,5 L? 7

C PARTICLE LNi() /10
C xAL)MAX MAIoCCLOUD !<AO)IU)., L'okIi CLOjut) L'I2 L', N )/-i'
C [<DToPO Swu<ooT I iE rýLALo. Ili TuPu LVAIM tL)LCr, Lir'5 -22U

C RHu ( J AI'.ojS PH ER IC DuN,:,TY 11\ THE J-TH TADOULATELO LNK 5 eZ2Ž

C STkATuA LNiK45 2 z i
c I•wPAN T FALLOUT PART IC LL L) E01 I TY C")LNK5 224

C RTST TEM'PORARY STORAGE LNK5 22ý
C S I (lA 5 TA iOARo u LVI A T I UN uth PAR I ILL L >ILL LI1,ýIIou T ION'4Loi t 226

C ;lILL)TAP PAK T ICL L sOLLUI IF ACAC I IN T L-MPLKA I o-<L ( N LN iir, 2/Z

C LNK5 22b
C bAiA 'iAý>,) oF Co~oEi,4LL Pr-AýL MA~ fiMTL(IMAL AT tL.IICA f- L oiP!)4e

C ION TIMIE Lbir'5 2:30
C TC Tt,'PoRN~iY ýTJRAGE LNKr" 231

C TGZ TIM'E OF DETONATION LNKa) e2ie

C TID( TRANSPORT IDENTIFICATION LNK5 233

C TIA*TIYgTIll TIMES OF cLIGHT TO THE FIR.)T XYAiND Z i'ACRo LNK5 234
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C CELL BOUNDING PLANES LNK5 235
C TL I mIT TIimiE 6PECiFIlL) FUR Tr-L T--RIoiATI~iO OF TRANSPuRT LNKI'5 /3t6
C TMAXATMIAXY TEi'PURARY )T~t<A6E~ FUR LARGE&)T OF (IX191XZ) AND LNK) 4.31
C (TYl1TY2) LNK5 236
C TMIN~X9TvmIiNY fL-iýuIvAt<Y ,)TjmAGE FQK om'ALLtzT OF (TXIPTA2) AND L ,4r )4ýt
C (iYl,1Y2) kE6PECTIVELY LNK5 240
C TMbD TIimE OF bULIDIFICATION LNK5 241
C rUPID(J) TOPJGRAPH( IDENTIFIER Liliý 242
C TUPO.LM FLQATliNG P0I'aT Tu~uoi'AP"IC uAiA AKK~AY LNK'5 243

C TUoluLm ( 1 9J MIN~. X-C-UJKDIN1AIE I-Ur< J-iri TuPui DATA tiLUC& LNK5 244
C TJPULri(2,Uý) mlij4. Y-CUotr li,4[r: ruNý 0-l-i I-vPo oATA DLUýJ LNK(5 Z 4 .

C TUHULil( 3,0) II IAA (M 'LuuLAI,) urmiu IN4 1 LKCV'L Fr<N 0i-Ti luPu L N r, e4o

C LYATA OLOC, LNKi'5 24/
C fiU.JVL1',( 4 9J) ur-rýJL,Tiuf~ riLlUl-li liN Tric iL-Tn TUPO UATA c0Lu(KL~rD 240

C TP PArmTICLE TIIIL )IAIU.D LNK5 z49

C TS Tli-it Ut- FLlur-l To HPUiif u- ci4TKAisCr I'. CUkRLi'JI Loi r t 25U

C LOLMAL WIND CELLL L NN r, Z

C TTo.Pu rrnu1.l U~ L ýHLýfTUýUCLLCV AiI QN 1'N Tm-nI~ 1N CU kL o AT A LNK'5 252
C TW TOTAL YIELD LPNK5 253
C TI11,4 L Tij-Lr OF FLIuril TO TbiPL oUut,4DARY LNK5 254

C iALLq1ALuqIfLL, LuAER Ai~iD uFPPk X ANiD Y CuuRDINATL LliNLT5: FUR LNK5 255'
C XI9iA2 f ifAiE OF FLIGH] Tu [HE TWO A-PLANtE) ooo4ONLG THELNK5 256
C COjwxl4T LQCAL C11-6UL#ATIO' CELL. LN~n 25/

C TYL.U Tim AREA ALLZJuNTLO FUR~ Ooi b-HE IUP~uuAPnY TAPE LNK5 25o

C Yiyig-y ý,EE iAl bNW FUN Y-PLA~4Lo LNiK5 zby

C VnHAVI-'Y TIP-'UIWAKY -DIJ\MoA6 FuN A AviD Y PArN11CLL Vý.LUCIlY L 14K.- 2 t)0
C VPZ j'iLl VLRIIOM.L VLLuk0IIY OF PARTLCLL L N K 261L
C VP-ZT TL,,ouKAi'Y bTU'ýAuj. t-UN PRLCLLrUIJNiu \ALUL UF VP/- L114K /2621

C VA, VY, VL 411i4L VLLOCITY CumPulE\Tý) Li'45 Zt,3

C 4j ~I výTU uri~LU INTERVAL oh rxTn vyliiL DAT[A uLU(i', LI'K45 204

0 wiUoj) WINiO FILL) oESCRlIPllOv4 IL)LNiýTrIATIOiN LNrK5 46-1
C VLLX(K) Hukl~ZUNTA- LfINUS OF KT-H oIND DATA i3LUCK LNrK5 2bb

c ýqVlky(iK) r-iOP(Lui-I1AL LimNIL o F r, Ih A I NO OtMFM t3LULK LtiK-1 4o7

C X,ýy TE.-PORAr< f ýý1OmAOL Fuor P~AR IICLL CuurL~D o4ATLib LNK5 26b

C XbLXBo) LUi4ELR Mi'D JPPLk A Cuur<D 1NAlTr- OF i~iACkoI CELL CUN-L'ir,5 Z ýo,

C TAINiING PAk<TIýLL- LN'K5 270
C x uz ,Y iO CuufoiujAT-:ý oF GNUK~io LLRo L"4s5 271

C Aliý,YI~,qL1, /,g',Aito i liviCN&ENlAL~ D1I,-I'CLý) FUI'N 114ii LNN,4 z72

C Cui,4ýTAviT F bIL I11ii NVAL oc.~H i~ LLOv r-AA bloi L14N.5 Z 7..i
cTUPU HEIGHT. LNK,5 274

C XP, yp, zt- PAi I I LL LPQ, TI uis CDv)I o4AT Eý LI'K'5 27t5

C xAyq/,LL TLriPoikAt-Y 01,jAGE FUN AYiAND4 L PAkITICLE Cou~uINLvi-5 276
C ýTES LNK.5 277
C YBLYbo :,t AoL. FJr- Y CQoRD~viATL LNK5 27b

c LNK5 279
r~~~~ A*~,~- C ?

COM;'MON /SETl/ LNK5 281

1 L)1IAmi' O ,DT IL)( 12I , Z I Ri L ArL~. , I.N t I )ul T Li1\4 K5 202
2 sD 9 PAiN )zA~i- , vL ,n qrP 1 9 T iPŽ i LNL.5 283

3 Tem 9 Ld ,p f Ao 0 x LNK5 244
4 w HY (4 u o NAiii v I ).IWN o zPAk 1 , ýPAk 2 s JLovi\4 0 LNK5 285

5 6PR PAio 9 b 'Ai-<6 9, ~PA R7 , PAN R , SPAR9 LNK5 280

C LNK5 267
c **~, . ~ *N*A~N*****************N 5 288
C LNK5 289

COAIADl/,N /SET2/ LNK5 290

1 SUBzLD 9 GRINT 9 bALL , BALU 9 BYLL LNK5 291

29 RYLO , IXLL 9 TXLu i TYLL , TYLD 0 XGL LNK5 292
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4, KLIM 9 11 0 JJ , KKi , x P 9yp- LhNN 294t

69 VL- t IL q Ji 9 oADO , w(6klirT , \.1I-kAT L 9
7, 9 LLX g, AL LY , ~JfX 9 , 9 ofTilf T , IPAIN LNK~ 5 -97

8% IUTOjPOIjJIU 913q1,4 lr1Hi upu 1 Pý)jT91 , PAkuT t JTOPI LNK 29o

9, jyI ND 1 0 Ii~k'k 9 Tti~'I 1 ENuLI) 1 ,1- IL 9 1 L5yPA,) LNK5 4
1 0 JTu~Pj , NlLuSI) 1 N 5 , N 10 , NI T ,9N LNK~5 ,)00
2 9 NALUFT , JT 1,-,L iNl3mAX , N1FrkEE q N , INCL ,4 ýO i
3,9 CkiiAXt Y CRvr-i 1 9 N~ k I ypq61 LRViAI N A 9CRrmII'Y LNND )O

5p RHu N I'A 9 1 13 L 9 . IA r uu 9 CkInAAA LNNýo +04

LDI," EN,ýI ON XP ( 1J 1) u,frjO I ,4u P1C( 1 o) LF'AS~0 LN5 rý:Oo)

DIMENSION JL(7u) ,IBADD(70) gv.JHX(7:3) Lii4N5 .3il

C tN NijY(7 býII(0 ) LNK5 i1~

C LNK5 jib~

D I m ENSi,4 ~IO 12 11 vjU 1~ I2 LrYK.b 320

1 hORMAT(12A6) LNKý) 321

2 Fu-KIMAT(//Xbr** Ili,4TIAL 1..i4LII.J.,(rjLML)I'dh A.TiULI'4!5 D -
1 4 .- * **/ 2 DA 2 A 6, 5 Xj 7 r, ** ii* C L- U U ~I',IL I OE o4TI F ICAT I~ ***t/4 3 Z ::Ij

2X,12A6,//25A,49H***l~ iAK I I CL E )ET XP A izI iQji4 i tý L 4T i UfC-A T1r L ,4-** L:NKý 324I

3 /Z5Xs!2A6//25Xqd3rl**-;* I H I DRUN QF IhiL [KANiThUKT mIuoL)tjL wAZ LNN5 3 :

4 FORMAT(LS) LNKI :129

5 FORI'IAT 2L12.5) LNr45 j.30
6 FkiiMoAT ji j,*X 946fA[IllO5PHLIKIC Pvwi-tlEKT ic, Fuk- r-ALL r<ATtL CAL'..uLA[Iur,)LL4 ~1

1//ZDX16HHtIGHT OF z~TTMX9H -C, 2 r~lýlIY/,,IHFZ ~IRAi ALNK5 -)j2

7 FUNM,'AT(/lSX71H-Tr-I CiNT.UL VA~<iADLL ANMLYg IC(J) 9 "Aý b~LLN 0IVLN' THLNKD 334

1E FOLLOWING VALUES*) LNNr - -3 :,

8 FORMAT(15X,1814) LNK4) .336

9 F ORM A T( /l!)X 2 bH T HE T RAi P C) RT T IME L I MIT 1 6 F 1.4. 3 LN145 3iý7
10 FORm'A T ( J Xb .)ri I N T r-iI ý Rui,4 4t Aoý A P L Ae Mr L)L PU I T1 ON )JR AC E A T LiNi .ý j

1 ELEVATIONF1U.3) LNK.5 33ý
11 FuR~IAT(42HPAR<TICLE,) i~rtAIN[:v4 ui'j I Im ojuf~uARY JAPE) LNK45 3 40

12 FORMAT(6(lXtE13.6)) LNr%5 341I
13 FOMTA94l.93 LNKj 34
14 IhUrkATC29MhQ WkON6 TAHL iýEEL u)14 LiNIVE 12) L N r: :14

15 FOkAAT(42HUPLEASE 'KiW'NT CCJRkECT TAPE AND PREb.3 aTART) LNI45 344
16 F0Ri'1AT(/fl3X,35HID~c.NiIFICATluN4 FRý)m [uPujQHAPHY TAPEl8X14A6) LNK(5 j,45
17 FORMAT(25XEl3.5,5XEl3.5 ,bXE1..5) LNK(5 .346

18 FURMAT(58tiUTRANSP(Rl 163 Cj,`MPLtEFI:o. IN)LRMLOIATL Rti$U-LT. ARL ON TAPLNK5 347

it 12) LNK5 348

19 FORMAT(44H-IPLEASE FILt PROTECT THE REEL Oil TAPE1 URIVL 12,2t-I AT TLNK5 349I

1HE END OF THIS RUN.) LNK5 350
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20 FORMAT(6F10.5) LNK5 351
21 FORMAT(1814) LNK5 352
22 FORMAT(A69I394E12*5. IS) LNK5 353
23 FORMAT(1H1,//5lXl9H* * * * * * * * * *//12X1O1HT H E D E P A R TLNK5 354

1 M E N T 0 F D E F E N S E F A L L 0 U T P R E 0 I C T I OLNK.5 355
2 N S Y S T E M,//5lX,19H* *** * * * * * *////52X,16HTRANSPORT LNK5 356
3MODULE///55X,11HPREPARED ey/43Xo34HTECHNICAL ZPERATIONS RESEARCHPILNK5 357
4NC./52X,17HBURLINGTON* MASS.////29X,63H**** SUMMARY OF INPUT IDENLNK5 358
5TIFIERS AND INITIAL CONDITIONS ~~)LNK5 359

24 FORMAT(//15XI6HTOPOGRAPHIC DATA) LNK5 360
2? FORMAT(//15X13HPARTICLE DATA/l8X28HDENSITY OF FALLOUT PARTICLESF20LNK5 361

lo3o2Xt7HKG/M**3) LNK5 362
28 FORMAT(//15X9HWIND DATA/) LNK5 363
29 FORMATI18X.A6.IX.16.412XE13.5-) ,X.110) L.NK5 364
30 FORMAT(18XsA694(1XFl3.5),16) LNK5 365
31 FORMAT16F12#3) LNK5 366

C LNK5 367
C ************************************NS368
C LNK5 369

DATA HTSTDTSTBLANKsPOUTENDWFD/6HIHTOP0,6HIPARIN,96H 96HIPOULNK5 370
1T 96HEND OF/ LNK5 371

C LNK5 372
C ************************************N~5373

C ************************************N5374
C LNK5 375
C THIS BYPASSES INITIALIZATION CODING AFTER THE FIRST PASS LNK5 376

NUL=O LNK5 377
IF (IBYPAS-918273)201,200,201 LNK5 378

201 IBYPAS=918273 LNK5 379
C INITIALIZE LNK5 380

JDONE=O LNKY' 381
IPARIN=ll LNK5 382
IOTOPOz4 LNK5 383
IOWIND=3 LNK5 384
IHTOPO=1O LNK5 385
IPOUT= 9 LNK5 386
IPAROT=l LNK5 387
JTOP1=0 LNK5 388
JWINDI=0 LNK5 389
JTIME1O0 LNK5 390
ENDTIM=0.0 LNK5 391
JFTOPO=1 LNI(5 392
MXTOPO=4 LNK5 393
DTMAC=10. LNK5 394
DTLOC=1O. LNK5 395
NALOFT=200 LNKc5 396
NBMAX=150 LNI(5 397
NFREE=NALOFT LNI(5 398
NLOST=O LNK~5 399
NSTRAT =70 LNK5 400
NW =0 LNK5 401
NTO=0 LNK5 402
NG=O LNK5 403

C LNK5 404
C ILIM*JLIMpKLIMARE LIMITS ON TOPO ARRAYS. SEE DIMENSION. LNK5 405

ILZM=10 LNK5 406
JLIM=10 LNI(5 407
KLIM=400 LNK5 408
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DO 2011 J=19NALOFI LNK5 4+0'.Y

2011 FMAS(J)=O.O LNKý 410
C LNK5 411
C READ IDENTIFICATIvii' FuK TkANi)t-'UrT LINK:) 414

READ (I131Niq9IJ(TID(JI J=1. 12) LNK5 +I-',
C LNK5 414
C READ Cui~TI-<UL .ATA tui, TRA,,w~ui(T Lir') 4+1:
C IHE,)E LjNI;-.JL PAKAMr-iIck, Arcr- týJi< ý;.L A3 IýDi~1~j I~i Ll(,: 4+10

READ (I I)IN921 I I i(J) ,j-iql6) LPNID 411
READ (131i'),31ITLIi''T LNKý '+io

C LNK5 419
C -(EwIPD ALL TAPES~ Ili~VLVEL)I fi'4).Ai46ýURT L Nr 420

IF(IC(l)-1115uql51,15l LNK5 421
150 REWIND IHIOPO LNK5 42z
151 IF) IC(2)-1 )152v153v1:)3 L N K5 4+23
152 REWIND IOTOPOj LN(K5 424
153 IF) IC(3)-1 )15'4,15J,155 LNK5 4+25
154 REWIND IDWIND LNK5 426
155 IF) IC(4)-iI156qI57,1:)7 LNK5 427
156 REWIND IPAROT LNKD 426
157 CONTINUE LNK5 429

REWIND IPARIN LNK5 430
REWIND IPuUT LNN5 4'J i

C LNK5 432
C CHECr, 10ENTIFICAI>).,~ ýo lt Arw -,AiiT1LLE I'.i-T TAPES LNf,ý '+3.
206 IFI ICl) 1-1) 58,2LG3,2j.3 LNK5 434
158 READ (IHTUPO)DENTI LNK5 435

ý<TST=AIND(DENT~,C,>iIPL(Hi,)T)) L N r 4.56
IF(RTST)2ý,2,2.>3it2U4 LNK.. 4+37

C LNK5 43o
C 2,;2 WRONG TAPE. AS IH-TUPu LNK5 43,j

2J2 PRINT 14,Ii-TS)Pu LIN K: 1+40O
viRITE (1,UuT ,14) IHTUPU LNKý5 44'i
PRINT 15 Lbo,5 442
REvYIND HIHTPO *LfjK 1+_
PAUSE LNrD 444
REWIND IHTOPO LNKD 44D
GO TO 20ý6 LNKD 446.

C LNK5 447
C 204 WRONG TAPE A,-; IPA-ýIN LNK5 446
204 PRINT 14,IPARIN LNK5 449

wRITE I 6i~uT914)IPARIN LNK5 450
PRINT 15 LNK5 451
REWIND IPARIN LNK5 452
PAUSE LNK5 453
REWIND IPAkIN LNK5 454
GO TO 207 LNK5 455

2031 IREAD) IHTuPU)TXLLIXLuTYLLTYLUNBLCK LNK5 456
C LNK5 451
203 CONTINUE LNK5 4+5b
207 READ (IPARIN)DtNTT LNK5 459

RTST=ANiD(DENTTCOIAPL(DTST)) LNK5 4b0
IF(RTST)2v4,2U8,204 LNK5 461

C LNK5 462
C 208 REAU AKbIT,-AkY 72 ChAKACTcH FIRLoALL9CLwUio-RI6LqANW PAKTik.LL Ll'4r,5 'b.ý
C ACTIVITY IDENTIFICATIUNz> FROJM IPARIN LNK') 464

208 READ (IPARIN) FWS)SANi,SLDTMPTMZ)DSIGI-AA9TwHON5)PXGLYGZTGLBZLN~iK5 4+65

1 NCLoRADMAX LNK5 40~6U
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READ ( IPAkI'N)(PSEID(J),J=1q12) LNK5 4+67

READ C IPARIN) (CR1010) ,J=1 ,l f LNK,5 466
READ C IPARIN) (DETIDIJI ,J=1912) LNK5 469

C LNK5 470
C r<EAD DEN-,IVY QF FALLUUT PAkTICL&~Li)+ 4/1

C K(UP AN f lo fA I' ICLE L)E~i4>TY I iiN rI Lu(;kAiný Ptk Co I C Am.Tc.rN -+IN -td

READ (IPARIN)ROPART 4I~~'7-1

C LNKD 474
C r< EA ) PARTI CLE Z)I Z iA v)J ANU AC I JV1Ii CYUTR~ouTiw LNrK5 47:)

R<EAD (IPAN1iJi)NPS LNK5 476

C LNK5 477

C VA I .>~EL) To TE rA<LY .)TukE THE SuRFACti IC) VuLumL iRATl~ LNiN5 4+76

C ARRAY -,V LNK5 479
C v Y 1,) 0, jED Jo flf-riPUKAmILY :)TRE THE A ARRAY FRui' Pzdl (LINK4) L 1.N_- 460

C V Iz uI Toj Va.-POINAI~llY UTý,K TmE PACT ARRAY -rk("I~(l+4u, 4+8i

C LNKt9 48J

C EALLAKU--i C i i Y ANO V \I C-Uz9ITY L i\4 r,5 484
C A T A bLC Eul A I zu)P H E -d t V I .)io II ( A TIiP J) ApNU L) L N3IITY nru ( JC L 11r,5 4+b:

C UTA FED I NIHE i' Yý oCLm' Fuk /UOu r I' Cm U)TkATA 6T`ArýT 1No Fi'ujl 1100 LiýN) '+oo

C ."iETEk.U t3EL~vy iloL Lvi r, '+ c5

SRE A L) CI PA RI N NA Li\rC9 46o

k E AD 1P A I<II (ATE P HC o ( J i =J I p 1,4 A) Li'(N5 48 6

C LNK5 493
C Cui~iPUTE Cui,4.JAi\T r-u\j FALL M\AIL kCALCJLATiuir45 L14KD 491

FRUG=i.3juuoo7E-17*Rui-Ai(T LNK5 49/-

C LNK5 493
C 1•EAL) A,•UiIli-Ai-Y TuPQ IUL4oT IFLCATIuN' LIN K,5 494+

I F(IC (1)-I) 159 ,lbc.LOU LI'(5 4-):
16,) kEAD (IUI\N,2u)TTuPO ui' '9

GO T u 2j5 L1'&K:) '+97

1!;9 k EAO J o-u ilo-OIUH o) I j Ipi z1~ LiN r(,.5 490

C LNKD 499j
C REAl) TuPO IAijLE UF (~K~ ~LNK5 500

:R EAD 1 H T P.,I-uT,)P6 1-1 LNIK5 0 1

CLNKD 0
C FIND HIGHLST TOPU HEI(Jrl 1-10,5 -)04

H TCP O=). u LNK: D 0!)
00 170 J=isNBLC+k LNK: 506
1 C- (HI TFu I -rL'1, H 0.t (1 7i 73,1 is J 0

17i rf T ') = I , ýL(4 pJ) 0\A Uo

17L- C3NTINjE LNr,5 509

C L 1riK5 DIO
C REA L U fI r,,6 TC luo uA I k ,Lu)- r, L'NYr, 5 D 11

CALL k LTUPj o(1) LNKZ) :)I

C LNK5 5 1 h
C 2u5 -v T A1 IL.,LfA ii ICAT14 i oiN IlL ki•.PIliIRLUL u-T1-- Loi5 514+

20 5 k E AD ( LI.1 L.I(J KU& i2 I5 D15

"RNITE C IPoul IPU;, LNK5 516

iR I iF(I r~u'- I C F iý%. .Aý,uL 01ilr,I illUL) U-A9FA fwH u o9 qC L 9[1LC'I ilI i9L) L Ns rý )17

1 RUPARI ,XGL9 ~Gz /I91C ý ; ,A D. A X LNKC5 516
Et I ~'Uj I (L)EI IL(JC 9J=11,-) ,(CAIAU() ,U1,i12) 9(,LCuIUCUC 9J=1q1z)L'-i4(5 I -,

1 I) )10( J) 0=.i. 12 ) 9 ( v u Lo) ( j~ 1' 9 i C L11K ) 2 0
akRf1 [(1 -oul ('PU LNK5 521
v4NITIE (CI PUCf) (P - (J )oV f (J),v -J ) 9VACU),J=1 9 NP, LNK5 D22

I F ( I C)-1i2u54v2u; j 9e ):) Lv4~ N , 5DU

2U55 Co,,TINUE LNN:: ~2 4
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GO TO 2056 L' 40JL

C L N KD 0

C P kI iiT TrKAN'aSýukT Ow~Tt-'T tHEAD114G LU14N:) L)

2Q56 WRITE (Iz)UuT*23) LIAND ).

I2)q(TIT (J) 9J= 92 i~ J.:,

WRIE I Iouu 1o 1CV 7J ).o L.NK2) D

r< I I E I ~uU I 9o (C27J=Li) L N-6. :T

205 I.NTE ~I )Oj1 99) TI M I L 14I j': O

wGO -- Iu TO 2053 -uPi Lm'4,:w~

A k I TE1 92)DE N iju 3)0 i si~i H XLL FA9 iY GLt UL 0 bLS tNCi L L Nf,:)4.

2 Y5 k Ir<ITE t I '0Si,T924 LIN N :) D I
kI FE ( ICi, uu 3)/-5 (,vIUD(e9 ý). L0 Njr

20 2 o I E ( I O ,)t 91 11 P, LNK 041 40

HS-1 IT 1-u. vIbTurI )(iJ91 L NKN ~4
DOI 205 E J u 9 u Lr1,i qA1,NAiY 1 t 1i L 1, f -'+ :,

2o3 <I TE ( I )ULA, 1f-t 928 vr (0)fr~. LiýKti D

2L7HS=H$+2UO.u LNK. )45 1

DO25CJ1N LNK5 D~o

c LNK5 556

C 5'ý' 'Ar'E F ,i vi- t . r )AIj L LI F-y 1 F L A~ i I ~ rtýU Litf,') J: 7

c LNK5 55

500 N=NALOFT LNK5 560

CALL DJmPý- LNI5 561
c LNi45 56Z
C Ar<L- AM Y PAmf ICL--. SJl it-l 1~ hlin L)ýJulLSAr(' iArtL. Yt, Tkj 70o Lf5 i, r ) o

C* k- -k.I , -n ý T E-H L 1L4 K5 564JTIM I=,ýLNK: 56:
1JT r I MEl=v2  u1 7U Liv-) :;o

CL N Kt) 0 1

C 700 Hml,,.T A~iY rPMr<TICLE uc-7CtIPI-TIý.N~,J Fr-iAT rKC.AAII4 ýji~ Triti 1~ 1-14N.) D60c uVRFLa le~pIP~rvT N K) D0 I
7C WRIVE (IP~ AR -,T)J LP u 14 1, t):

REWIND IPAROT LNK5 571
WRITE (I:SOuTg11) L NKDsS) 7 /

702 READ (IPAROJIN4 LiNK5 D73
I F (~ A )' 5ý9ýiti7i, LNFD .7.,

701 KrEAD ( I eAmi'. ) ( XeIJ ) f r (i ) 9 ., 91 vi, - iýk 9J 4 L14N.D Ti

GO TO 7(.; LIN.5 D11

c LNK:, 7 o
C vl A r< I [ E A F I -A - 4 E\'~ ciýQ i Ai~u tý,,F o4 I r,ýs.jT L ~ 1, ,ý) 7;

5%)l ~kI T E ( I P QT ) N JL LNK.5 5)8 0
END FILE IPOUT LNK5 581

KEWINU IPOUT LNK5 582
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NRITE (1I)QUT '18) IPOJT LNKD Do.
PRINT 16PIPJUT L14KD :)84

PRINT 199,1%UT LNI5 5b:

C LNK5 D86

C 5ýl1- -,KIP OVER ANY UNU~LL) WIND o.AIM LNK5 587
(. A CARL) Cu',TAINliýýu 'LJI~L WA- VYL1L) h iLLL) LJMATA' vl r THLi LVA uA- L1'4N5 :)60

C THlE wIND FIELD DAIA DLCK LNKý d')6

5010 READ( I6INolIRTST LNi(5 -n90

IF R b~)l q,,q~ ' LNK5 D92

C LNK5 59.-
C 8UL) HREPARE Tu CALL. .T'T C~ PmkUGIýAi LNKD ,)94

800 IEXEC=2 LNK5 595
RETURN LNi(5 596

C LNKDD ~7
C 4UJ0 GEI ýi- ý~IM-Li'AjIQ P~'(V)UCL r-iE NEAF [IliL Ll4I~kVMAL~ vywiL.L, riLL. Lfl.f) ýq

LEAEC = I LNKr) bOO
RETURN LNKý oOi

END LNK5 6o02

603*

603*
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$IBFTC LNK6 LlI)T*DECKoi,194/2 LK

SUBROUTINE LINK6 LNK6 13

CALL MK~WIND LNK6 2

RETURN LNK6 3

END LNI(b 54

5*

5
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ilbFTC RDCIR LISTPcYECKtM94/2 RNUCI

C 2OT6 DISUBROUTINE RDCIRS NL)CI i

C T .*. SCr-IýLNiL Tcýr1NiLAL uPEr<ATIti'i) mLbrLARCHP Ii'iC. RUCI ý3
cRLJCI 4

C RDCI

C THI-U PROGkAfM REAL)$ LQ~CAL CIRCJLATI~i' ,ýYSTEM INPOTS). IT REAOS HOUC1 7

C ýY ST EM COORD INAT E L I MIT ý. C IRM INX ( ) 9 CRIAXXI ) 9CRti iINY( s CRMAX Y' rLDC I d
C [HES INDEX JF THE APPLICA3LE COMi-'OTATIuN CuDt FuR EACHI LJCAL krUCI 9IC S)YbTEM lb bsTORED IN ,4CRiYP( ) RULC I 10
C A CQJIýT -f- T~t NI'4U'bLil Ut- LuCL )Yýrm 16 kr-Cuk~rL) IN IiLwCiR ruCI li

CRDCI 12

IC RDCI 14
COMMON /6ET1/ I-ZoCI 15

1 DIAM 9 [1.EI ID 10 v IzSE: * I EAEC 9 ISVf. 9 I)uQ~T 9 xL)cI iu

2 SD , SPAR 9 SSAM 9 T VE , TMPR 1 T mPe 1, DCI 1 1 1
3T2M , ,VPR f Wv , X 9 L 9 kuC lb 1
4 iH Y D I'~i -j T~I k P1 ,iwýAk2 P SAV k, 1v~ 1~

5 SPAR4 S SPAr 5 , S -A K z) PA R7 , zPAd p ~A k9 ?(L)Ci 2

DIMENSION DElID(12V.'9'HY(4C) -<O)CI 2i
CRDCI 22

C *** -" w-W- k ,ýw-,ý ,i k - -4k~* * * *. K -k, * ýýk k-ý 23

C R UCI1 24
COUI-,tAN /SET2/ i-<L)C I 2D

1 9 i,>l 9U~ , (jri'T , o,(LL oALu , oYLL muCI zo

29 BYLo , 1I(LL 9 IXLj , TYLL , IiLu 9 XGL rNucI 27
3, yu Z p P 3L(-K , 9H ruI-u , T Tuý-Q L VI M JL I I, 'UC I 2o

4 LI 11 9 JJ 9 ,K AR 9 YR [<c I z i

5. ZR 9 F A~ 9 fP p *- p , VA 9 VY kbC I 336U6. VZ v I/1L 9 , I tjAUD) w,k ¶0I NT , NS)TkA T I-DLC 3 1
7, 9 LLX t vv L 'J;Rx 9 yQ, yukY ,ý 0T r-iIT 9* IA RI N RDC! 32

8 t ~I,.)T uPu , Uw I NE , IH T ~P J I LPý)vT , IPA R uT p i ITuHP1 R L)C 33
9,9 .JN 114 L1 , ikkuk , T L IiIT , E NO 1loi o I C 9 b [-YA b RCI1 34
1 01 . )HJ,) t Luz-T f , N; , NTu , 1,4 T , N~ A RucI 35

l'4 AL'.ft T jTjirLj. 9 l, '4A"A 9 AFtE' L , 9 N NC L- )C I j~

4,9t ) .) , 14 L uL I 1 , u T L QC , AT EiýP 'u C 1 j

!D 9 1, GL D I-A C , Fr-.3 , CkA XXA -uC1 3 :f

0 1:itfiol .SVN TrU 2'jD) qp ,R-(22) ,A FEiNP 1260) Vkr-u (260) M DC 1 '+4

L)I 'I J;, JL i7QI) ,I uA Do 17 9 ~R X 7 0 7RL)C 1 46

jIi~-E''- ýý6i I NT (6 70 9 i.'~o L.C L a L ( ) kL -1 4

CRUCI1 5 1

1 FCF:-AT I4 i 4.5,1- ) RL)h:I 54

z F ),-A T t//, D A i2 HL,-AL ~I iC JLA TI~ C-.L 14 1 dH I~ NJ I A VA I LDL6L IAuL 5 D3 CRUCI 56
c "'4 "' '"1 ' 57

RDCI 58

,jATA PNut,, /6riC'L (CI 59Uc
C A~C16o7



C RDCT 63
c '<EAU UEFIiiNu oATA -ýjk LUCAL- CINCULATIUN SY..TEi<) NLCI 64

C RDCI 65
K=0 RDCI 66I

120 K=K+l RDCI 67

KEAD (1-:,IN91) Cki~i1NA(K.),Ct<~iAXX.)CI1(K) ,Ci~iiY NotIAXY(rN), ns4LK1YP(K) r(cl) 00
NCIk=NCRTYP(K) XL)CI b9

IF(NCIR)122.1luv,25 RL)CI 70U
122 IRRUR=122 R<UCI 71

GO Tu 77.34 R<uc1 72

124 IRROR=124 ROCI 74
WRITE 1!SOJT,2)NCIR RDCI 75I

7734 CALL ErRU ( Wijut ),;- LcI1 7b
C 1,u TH15 ]z) THEt NORMrAL EXIT NL)CI 77
Q 4LQCj 1 i1ri r P Ui.L)Lr 'r-I F LQLjlL m r u L AT i uv4 Y -I, u t:j14 r- u u UJL-< U I 7o

L 11NTiAj ~ IiiiPj ArT ICLLZ rKuCI 79I
RETURN RDCI 81

Iluý NLuCIR K-1 RucI 8U
ENE) RbC 82 33

83 *

83I
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$I[3FTC MKWIN2 LIST9DECK0,M94/2 MKWI 0

C 28 NOVEMIBER 1966 MKWI 2URLIENwN IW

C T. .bCriL Tz1rrr'iicML 4PLNMT ýrI lLlLk'Lll zR M r 4INuL AK2 MRW I

C MI H L I ~ . I IE F.Rku I-, h.A'(l Z4TA.LY A;o VEl,ý I CALLY VAR iAAT .I NoU 1r, 1 7
C EuC(RIPTLION IN LJI'2L ZN THES A5jJF IPý~Tý FRZN rHiz jYzI T-Ni INP-T Ml K,-.1I
c TMPE. INPUTS ARE AC' FU;LLk4JAS.. MKW I _Y

c 1C2NTRZIL VAkRIMLLz, ENUTIM , ,ruiifi oiVýzz TnC TiAI IT .. HICiil K4VI` ±0
C THE F;LLC.4Nu DAT 1 %ES L; EL VrILil; t ALPHA 9 qiICrl I,) A M Klv.I 11

.E I ri-TLI N4 FA'IC T.R 1T E APLI ZVLAIICAL LCl ANC: &A A~I1

..HICn Is A ;ILI6HTINi, FT~r 12 5 IA-PPLILi., U LNI.l., m..I1 ±3*-CITAEAN"; NN ,ii Cti ýPC iFi- I Hý CSMCAj~or-,L ;F XL.ALzT -iK.l 14
VECTC•Q T> IE IN ,, >II I1 'i CTm V> VL CIT2- A T *.rI .I . 5

C PCýI NT . >w 1±0
2 Cr S>CIIAN TtiE F-R-, s.-IH±1v(_a ..CAýIIKI (3) 9 r 1 17

C .'E? TI( l. Ti I TNJnT-, 1-'rT 27 Itiz_ -,IT-..! _F TinC 3-Tn k4)V< Yý I$A ±
y; .LI. u) I: M ;L -YJi, id4 LNVAL T_ _. - hi4 Ttm- JIii LIYt_'A, Or".. 22

A L L A I j ' LY( u _, \(3) ,-RY I ) .<R L_. .6 LLFT CO A i A D 'IN,. 1 21

Cý Til: iF 'AM TIX 1~ 7, 7 Z (L TI ;T1W ;J) tJ1.yz(J) IiK uui 3

1A iiI . - IT -. A, r JI''-I. _F T~ iris l uir' _ýq i

'I r~ ~ ~P;A4L _F 1 r -In j-7, VLCT_.A, A..AJ) I- hIK.I Z

*4~nrr-.... T...- F T~ I -, li V ...1.k. K4. 5
y ~ir-. HL ti K. 'I T , I I I . ,s aiL;K s.._TliT .J = T7~. J'

-5 1 1 T. I 1. v.. T... AtL, N 1 jit *.r ). 2
1$ ~ ~ ~ ~ ~ ~ ~ ~ ~ .TEIA: ;3 3, 2615s&.~Z<2

I i% I -i~' L IsT Tt Ii.. TI - ,._ K, :4

T, FIL .. r* -i. .,:z ;._. .,C. ~ 4
L

RI44+

Y ir Tk T J; ,25 V 4D

"tFT AL (,-'Tfu, A A IR A * 5..z uLL -IKI ". 7

S F A P_, '. 1 NW1 rWI C0

'iý I PT ~ t 1I .'. ,4'

% TP II. TAI %2241 MKIN 13C >I&I
Y ý)ItT'.>.: (CDLX A T Pi KI ;TI 4 j T I-L -;N..I :6U - ,A. T X T C ,11% F ~ k I>. -KAe.I >7
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C NADT INDEX OF TtiE NAD TH-AT CONTA1PN1, THE AU)LML53 OF TrIL L2 ~K 1 6 C

C CE DTFCTIN uto TH Eh0F PTTI.r WHICH IS TlhE LARGE$ýT OF NEAREýDT ;iN DATA PIIINTzo 1 61I

C BjE USED IN TRMNSLATINU THL ,'iNL) :;TA Ii THE oA1'\6) il~hIu-

C ARRAYS M Nij I u4
C NIN THE NUM6ER OF NLAREL)T AT; \/CTýR THAT THE -ýL LjHL -,~ I um,

Ti TO BE WýFD IN COiVP'.TATIZN_, U-KIu
T 1 ~T:E:',PiýRARY -,Tjkk6EK,1 7

C WG2 HIALF iOF G I~ NTERVAL 1j~~TJ, 60u
C XG X CZ)ý;DINýATE :F GRkID P',INT K" .I o9
C XL IM AN X--IRFFTI;)i Ll*IIT FJR TLoTI~u_ F'.R THL CJjf-iLETI-i ýF .&:!N 70U
C A R~o. IN THE .IN FIL L-) ,kR,,Y K 1 71
C YG .Y Cjý;k1IN,-TE FT 6RIL P2ýIT 1.. 7/
C YL I ivSEE XLINv- FOR THE Y-L3IRL2TiON 1'. 7-)

c 14C4;kDIN,,TL k*F 6RI U PlINT ;4K,1 7-.

c -N1 77
C2N`ý-24'N /SET!/ i, ,I 7

1 D I Ai- DET I F,91 IEXEC 9~' 1 1 N 9 1 T 9 ;.1. 7,;

? SD 9 5PnR ý SSA 9 T42, T -PI 1 T MP2 9 1 0
3 T 2," s u 9 VPR , 9 X 9 Z 9 ' v1 ol

4 ,H Y I N fi I ')I -T~ R s~-F ~PAR _ 2 9 ýp _'R 3 9 1N. az
5 SPAR' , P;4.:R5 9 ,l ý 9 P-'Ai7 9 .-PAR8 qSp-kýI c ,

C :"IN /S FT 2/ Ir .; I

1 9 1A.D -R I NT 9 LA .L 9 LX L ~ ,3YLL N .vI ob
3,9 YU L - '~C , 1iP 1, LTP L TAi L LL L4 9 7

43~ ~ I 9 IIIJ 9 NoLCN J T_ 9 T T -'P q I ui L1-

Lp 9 F.AQ, T P 9 P VX 9V Y .. I '0

69 V L q I L J L 9 i.A2 9 .- ~RIN T t % NTý_AT .

E9 1 '. 2P0 , I.N D 9 1IHT .P,., 9 'ýI T 9 1'AR2'T 9 JT.P,P '1 .1
j " N;IND , 9 1 R R , T L I i:IT 9 , : E 2T>1 9 1C -_ 0~ PA 1 I, ýj4

2. N A L 0FT 9 J T I E1 9 N EVA X : 'F': :4 9 NL lb.
C ,- t C Rý,ril 9,C \R T YP 9 R ' .LP1 . , CPJ R.Ys I % v7

4, Lz C NN L LC Ik 9 r. T L2 '..i

6'9 R2PM': I.., N2 AI : sLT1A ;

D I'ENzoI ON .ý ( 1 9 1 L 9 P I [)IL( 4.. IC( 16) 11K AI i t,2

1)IV.YEN SI 1 4XP(220) sYP(200) tLi P2 OC F,F-Ao( 2Z0), 'IN I C.:

D I ,E N!ýI "N T P(2 , 9P.A2C20' ,A TEý,P( 26C 0 R,RM2 ( 2b0 1' 104

D I V 'N iE 10N ,,RY (7ý ) si,LTH II1(7, 9,zA(6 cz C( 6 ) i4K.vi 1 U)
D I ýýEN SI ON C W-1 IN A (6) ,Ck!ýAXAA ) OCR--I NY (6) -R:4iAy 6) 1~ 1 C,
D I NE NSI ON CkUHiT( 6) ,NCRiTYP(L6) ,]Ab 'iNVJI 1±0

C PmFkAf'ETERS PrCULLi,,k T,. I :4b ir',2 r-'i I I

aoI23uo,DY23ci, 1c u,N11 )I A(3o , ,fk- -3_7 3,vM, 112
DItr'E4 I ( 3'LA 3.-Y) (.u. 3,_ '.- r3,2 1 30 32Ar ''--.. II 112

C 1~N~ 114
C~ **** * A **~ ** -k -A i"AA'" ý A ,k1 11

1 FZRvAT(6F1C'.3) .INX 1 117
2 F ok f-,A T ( // 7 br ICj T HL F L- ý r I 4 L, V 0T.R A IV L u L..4~ T.. L.)L1 k L .*',FI 1 i b

iN ATI-.0PHERE UP TO TIME F1'..C) MKW I±~
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3 FO3RYAT(/7XbHVECTR7X22niHk~lL(ONTAL COýRDINATE.68X17HVLCMiR COMPvNEtNTiviKAI 120
JS/7X6HHEIGHT10X2HX310X2HY,)1CX2HVX1ZX2riVY10X2HVZ) ~iViWI 121

4 FORMAT14X96F.12..3) MK*~I 122

5 FORMAT(/62H INADEC.UATE C.NTiR)L DATA. CýMP6TATI,ýN METHi;D 1 VqILL CoiKWI 123
IE USED.) MKWI 124

6 FZIMAT(64Il ENCiLiNTERED T~vi ..ýIND GRIlk' LAYrLR REI)jL&[-) FO~R THE ýAME AMKAI 125
ILTITLDE.) Aw12

8 F2ORMAT(514) AW12
9 FORNATc19HCCOr.PLTATION ,'ETHOD,14917H IS Ný;T AVAILABLE) MK( 1 128
1 FRNAT(/1CX26HRFCjESTED GRID ARRA;''ýýGýL.:T76~:IýTX;lNýýA2X/i'ý le i

16HLIMýITS/33-X4H..;'LLX8X4H,'LLY8X4Ha-JRx8X4H,ýURY/(4X6Fl2.3)) p'iAWI 1730
11 F2'RMAT(16HD.AINDC c!,;P2NE.%T) :4K e I 1.ý1
12 F 2R YAT ( 1 A 13HE A ST -, FT R 0 . 96) iMK-.4 1.32
13 F~kiATc 1XP12F12.1, -,K ..I14 F k ýA T ( '.DH0C c;P ,T AT I N iý-E T riZD I ( o17 H .. A,: L Lý 1;,NI ý 16 s2i1H N L A R I rlK A1 1.)4

1 5 T M P 01N T 3. ) NIi
15 FZ&,'ATI//bri LEVE7LI3,r5X,8H,.Az,,E AT ,Fli*3,7H :ET22R S) 1,16.ij~
16 F27,ý,AT(/19H NN.%A3' RIDUCEI; T2; 15) ik1 i..ý7I17 F-ý R ýAT(6 F12 .3 A t~qI i .-o
22 Fz)Frý;AT 6 ELC - ,, AK I l')
23 F2RYIAT( / 1 1,, 11,N --XCE-v I V ;I:F 5AI F I A.NT F 0uR L~ , -:1L L 14 0

1T IN THE LEASýT -- A- CL'ULAiT lt>. THL L)ATý- PSiNT3 kC L, 141

2.NE/63t,24 A PuN.Tr;L AIH&VZ.-T,;k >L2Trilu i, )-LD Fý;R- 141Uý .

24 F.RAT(//ýA Yori N.. VLCT--<c.. L I ", vI Tti TLi.. -;PLýI I iLL, -.. ilsT iNý Rý ýi -- ir4i iI / ý,Xq 15H FSRP GRID P2Ili\Tq ,v ,' ~
3 SX, 9 h(XgYtz)=(% F'~2. 5,1ll9,,F2 . I'- .r1,,F1-2 9 iri) 1.~ 147

25 Foni-i-AT ( // 1l1AOhi-LPtl,, = Fj4..)v IIR~~ 7r1lýLT,- = F14..;,t ~r, I14 ko
1 7 fME T E R S

FýAT A PR.0 1 9 1 IN 9 Xv!T T ,G 1G>,s. N -'1 0 E+ 30 30X ,0 9 1 .CE --50/ .'Th.. I 155

:,e K 1 19ý

I ALLP kAt2 =A LPr",A*A LPHM rýi ,

C ýEA; Jl;ECIFICAýTI2X.' L2F 5E.IE j. ~~YPRPERTIE.ý Ir,. 161

IIF(INM)2049,274.2042' K4 I ;i u1U3
224 1 RR ý2R =2 14 A K.N I 1L,4
7734 C AL L ERR1P R 9 1 'R,,'I5!L TI RiKI 16 5
2. 41 [02 I1<,4 J 1 ,'T RA T .>;K',4I 16bb

mkEAE ( Iz; jN'i rl.AHIT (J ,]IN J -ýL\ j ý,L (J - A(J), 9.-R J .i. 167

I mm4ýR= 1 ,4 i'NNi 170J

I 1041 HEAZ: (I ISI N 91 IXT NWi1 17e

i-iK wI i75

SN.%-S OR T M Kq1 176

D, 1C'51 .J2oJTOPj MK.vI 17o
I F ( -OýT. I T j-:D,)T riI T I i ' 15 3- 10 77'KW 179~
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HTST=B0TH1T(J-i) Vi fI". 0
VXT=WGRINT(J-1)fKl o
VYT~vLLX(J-1 I MK.JI Iib

XST=WURX(J-1) 14K.WIIo:

bOTHIT(J-1)=B0TH ITj) JIK'ý Io
WGRINT(J-1 )=.VGRINT(J) M~KWI bao

WLLX(J-1 I=.4LLX (J) iK.,'i jo ;
WLLY (J-1 I "LLY(JC JI ~Kv 1 i,0I
wURX(J-1I =o.,URX (J) 'K I 1.'i
vqURY(CJ-1 I qLRY(CJ) .KA 1 i,2

WGR INT (JI VXT K,.,, 1 1I
WLLX(CJI VYT ý
WLLYC JI=VZT , ir~11b

W&AX(CJ I XST 1-1 rý I a

v.,RY(CJ)I=YST ;4KW i 1 ', U
1 C5-1 CONTINUE 'i K , 1 199

IF (KS) 105491055 p1054 :4KWI 200
1152 W:RITF (ISOUT96) -i ý1 201

I RR= 05 2 H K tI 2C)2
GO TO' 7734 M K. v, 2 -_: I

o1(."5 _RT ý)F THE R7_ETED LAYE-k.. I, C.*/,PLLT-E IMK,, 2C

1055 DZ ii.;S6 J=19TZPJ ~'i 2. 7I
KI=-.tWRX J -. ,LL (J) I I/~ rN (Ji)+1 .3 'K1 2'.0

1 5 6 Nv~rT -T =N.v, T ST + K * K2 K 1 21.0

C SAVA:L,ý-LZ 4ANLJ t-KF;-1,RY LACEEL-D3 A 1. 212

IF(N..'IrND .GT. NAwTST) 60 TO 10',7 ". K 2.
i5 Ik&.Re)R-1Csb I 1i4

Ge" TO~ 7734 iVK ,12!)I
1057 Dý' 1(1 Jz 1 930ý .-~ifv 2j.Lb

kPDI TSIN917 )ZS (J ) sX.A, JI vY.-I ,.,X (J) sz>Y(' 9,zLJm r'WI 2i7

2C51 NN=JTZPV !t 2ýý
'AIITE ( ISO'uT,16)JT6:PV KW 21Z
GO; TO 106 .K,% 1 2 Z_-

I% C ýN T INUE >'i KWI 2Z4I
1'RROR=bo0 M KW 1 225
GO TZ 7734 A1 220

C YA 2eŽ7

VECT,6R Li-TM ,-IRL IN .-.&I tARRý*Y3 4, iN* 11Li1,, J ijTýPv I 2eo

C A C~AM1P'TED 6,) T~.' T.; THL DEz-IREL C.NPuTATI/,N '1LTH,)L C.DE. 1~~ 4ŽýD
126 NNi=NN+j AKv-'L 2.;o1

112 IF(NCODE-6I1i3,113,1l 10i MK W 2 533
C MK i. 234
C 110 NCODE IS INCORRECT M~KWI 2J~5
110^ WRITE CISOUT951 MKWI 2.:b I

NCeDE=1 MKWl 2j7
113 U~ TO (C115,9116 t '17 911 t uiy9,12C01,NCOUE MiK1K 1 238

C M K. 1 2:,9
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C 115 [-KETHZD 1 U,)E6 THE NN NEAREoT LATA P,;INTb. iMETHZDS- 293 AND 4 ALJýZ MKý, 240
C LýýE THIS) Cv-C.L ilý,T F~i -ETH.,D 29 N-= A"DL FýR ý4ETHýA) ý* NN=JTý.PV. ivel 241
C FOR VETHOiD 4, THE NN sPECIFIED DY THE JsLR 1._. ýzED IN THE MKk1 244

c LEAST 3klL t-ETH;,D(NN NM._ýsT cL (IREiAT.R Tr-iAN THREL). .11K A1 24.-
115 1 3ADD (1) =1 M~K A i 2'44

i~lK,%i 24D
;vK 1K' 246

c >a',. I e47

c N,ý FILL P., THE .. I.V) RID SIZE V,2 MKv, 24b
1151 ILJ) ~~(~ ~~C; ICI~I,~ .9' K.I24w)

~L J..I k Y. r~~,~L L ( J., R/..CRI4Th, + . 95,9 9 9 " 25ý0
j1K ~1 2:ji

C IiNITIALILIE F,, FILL IýýL li T~iE .. ' Rjo 1. 2-Z
2 =.. C) I N JMr.," i 2

Lx=.~N. 2

X-'--=.\ýLLX J.,+.; 2.iI 6

G_ T 7 7 7ý`4 JK1 2uo

IE F L J'.-.) -1A ). 11 T6 VID 1Jl~ 7~ 1h F2(, iL F r.

.-TN'Tii I TJ P, I.TUS-TPL.UJTATSLCSTE-zTi; 7

11 7 T Z , Fi+ ý T r i T T. m~ I ,- u

\#5 4 , T ri I.-J, TKlI +1) 1 .- 2 Lcb
IN. 2Q77

ALL.~Ti7I.T.E T1., V-i T V ID I., F(i ~-kJ TA,2,. AAI rs..i 26o

E C PT E -ý T JI '. T S T ,uý iT ýL ý T H .- T;ir , 2 7:

AS' , 3 1,sT r, E , ,TS A L _L ~ E Tl_ -ý T ,- 272

T ' 7 2' Til T7 1 2 7

Tv 13J~ 27*-r,--I)..

1Vp~. 277C

P' T I~• Iý, TIC Tt[ i I-. -9. Aýi 2 7
C T L T1 ;:

C P!- T A Z >IT1NE 24

Ti 7) IJ=I-A3*I2I..iJY2', Y. 202
TL I I rTA-Tc) I/C- 1T2.T 2 z*2)~ 3I~ ~
TI=IT? LI * ~ i.U• -I1 1 2o4

222.=1 ,,Is L> Pi.. ý-A2

I F T ý. L: -,' ý )173,



Go TO 232 14;: 'o
2022 D2(J.=1.0/T2 I.*j*.
202 CONTINUE ~-'

c F I IV THE AllZRESzD OF AN"' DLISTANCL 16TIc :,.,;T RLNC,;TL P. 1~ " 41F THE " -
C NN -NEAREST- P,1INTS, (THE PJINTS w.lriýSE A ESS R IV:N Lý'&v 14-,, 1~
C NA 5 (I .NA [7,( NN 3 T,,'!Tý E Tf A T NA XI I.AD :15 TA NC E 1% Tn. .S. I*; AN7> DI 3 6I
C SE T N A')T SSýC H T hA T D:4 = b2(A C N A T) 1. 3I >7

KL=NAD(NADT) MK:I :,)L
D~i=D2 ('(LI ~ I

2CE £'i2(JL) a -)I I

2-07 C ZN T I N E
c AT THIS P ;IT,\ T . I, TiIF L-.(jLE>T ,.2(J Ai.) F- Ix;i >6

1IF (NN 1-JT-P V 2 C 7 2,s2C72,92. "c 1

C 2 0 7 NC.'.% SELECT ;EST \N% P,2IATSc ý. K ei
-IcAiN THE ,E-T D2 .j}J=Ni-A)( `-+I. sT.A; Pi ..- T~iA,. Lý.' S 1, ~21
1, FV N IF -NE V.,1 i-ý .iH iJU'.I

THEiN R:,O7T )i' ,i..>C T-U I;J) ICJ TrE ~I~2~L.. rE A-~i.T 1I. :5 5Ž

C ~ ~ -A\.) -.HE, Trz F...lT E.) ' r l,.. i~L; 'd I -,e 4

C CýN E I CAN I c R,. IRE')E3 nt A o

22-72 5'.ý 21C J=i\Ii ,JT.PV '4i~ Z 7

I F!ZY- 2(7,L )21C,92.C,2,C2. N A-, I ~
211 % T E P=\A D (J -.~AI :,ý:C

NA'- J =NAý ( NA')T ) ,K ,;1 ~I I
C 'N,. RE:ET AV)A NAT THE :,T kE;-5,TE PýIN',T ... IS4

1 F( = f/-2 K' L 2 I 2 -1 -)K. ;1 o.

N AL)T = KNA KK K( % I

C N - ' .
C A AN D N A:T A R SET -. I TI T ri P A RA, LT L ' SF Th i, - 'lT R E m'T E 'F 1~ "42.~

C T ni E N::A R ES T N N P2 01%T S Y K.- 1 3ý4
212 C,;%T INUE 1 3~44I
21C C 2N T I Nl 1KA 1--4
2C73 C .AT IN')L E MN 1.346

C 'K 1* -)47

C TriE NEAREST iNN H1-VE )C,-N FK;Ui\ ýZ'~i KW1 40
C ý'I A i 3

C INCRENENT VIDEX Fý5 s'R RN VEZT3)R C'i,!PTz. F~R P2;LNT (,A,,Y 5,z;9) ,,N A I l Si

c M K.v 1 3 ýS:
C IS THE LE-AST SQUARES NYETHxD TO BE uz:ED. YE:) T, 208i N1 ,ýI 3D4

IF(NCZD)E-4I20bC ,2C,;e 20o0 M K W 1 j5

C2081 THIS 13 THE LEALT SO-ARE-) )4ETr-n3D MK.'I KA13 .7
C 1INI TIAL I ZE F R LE AS)T i-iE TH3.A XIAI N 1
2 r, AI SNN=NN MKA oy~ I
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SDX=( .1 ~ U0
'DY =. 0 :AirK A I uI
SDZ=o I .0K 1w ýU2
ýýDX2=C .0 :-KWI -- 3b.,
S DY 2 6. , * -' iK'.'I 3b~4
S PZ 2 C. 0 ~K: 365
S D XY .C, NS'. I )66

5!3YZ -=0 ., :4K.-.i h67

5 3i Y * 0 .I~ C W1C

S5 = .0 iN'1 7.L
S~.~YC .0~ 1 7,ý

SV Y =~K. 1 176

C .. ', i 7o

uLLuO i L. P T L 3 VA.T2 1.'- T;L ~T. -1P F -,., '-A'', L de
DO 'i -) J~ 1~NN I, 1 3t
sL = \AM (J .*i )o4

TiA,Ah,.L)-X3 or.I37
TYzYS(K-L)-Yc3*N I ~o

DAA2F+T1 * . iNi )

,-'X =.Y ,'X y +T T Y~: 3'o

SX 2 ýt ,XZ.-T -T Z .Ni 3J
f-+: *T4 L. 4-3Q

v lY KL -NJ4.

A X+T 1~X L -i A'N. 1 4 C4

,Y IY + TY* (L) N, 1 4 -

*L Z +TL- ALJ 4 , z)

V Y Y* LY*3Y 1 4 
o

Z +',iX I L jI 4 .1

5~ AW ZZ Y' Y- ,,&.'. 4 1

1 
4

16
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821 =SDX*SAUGI-SDY*SALG2+SDZ*5AJ33 K v, ;I 420
831=SDX*6AUG2S5DY*(,DA 2*J)5/22l)XZ *.tA,( +:>)*z)A JQ4 r' 421
34 =SX.N/,D*-',G4ýLZ(,,D2-ý,2-DYýDY1 422I

( ~1 4Ž:ý

C TEST T2; ýEZL IF ý. RA;. 6k~Lu.h 1,3 PPP,\.XlImTLLY i- ýR,j VK.-. i 4Ž'.
P 5 = AMAX 1(ABS ( NN*i IIA-) SA r (2X * 32'.) 9;,? DY* 31) 9 A$ýS( SEZ*R41) A~;1 425-

C ~A 427

c CO,ýPLTE DEETEMII\A,\T :F L)..I 4Z:
37C1, biz6=SNN11 - SD X*L21+ ý-LY *u-S 2 i-*o).+ 1s. 4 e-

C TEST FOR L,.SS OF PRE'LI.SI2'.s or.i 4 -w i
I F (A bS ( 6B / U B - 1. ) 3 k.,C'3 8&,1 ,r1 4:>2

*r\:i 4:

C 3 6C; Ti6' tMANY SIGNIFICýI.T F122'-- ARý L..:T 1N Triý LEAST NRL V~. 1 4ý'4I
C CALCULATIýN. TH=' [uTA P,. I2.T APP.-"ACH A P~ijT, A Ll%:-, ý, A- .;.1 4 ý
C PLANT. LSF TH .IcHE' VECT.6R NýiTHýD .r;K.. I 4:ý 2

3800, V. R IT EI (S 2U T,2 3 ) XG 9Y t4 G 1 4:-7
GZ TO 208C 4,3~

C C,;W-PLTE .ILVECTAýR l 1 44;
3 9C,,- 1/(K(B1:UB*+*U~4')B.. 441

r, ,1 442

>~I44.)
%~ C2~~~ 444

c r,.r..i 4',)

C2CeC C,-,PLTF AKN 22 Thr . OT1- F2~-K 4'.5

2CE82 S UI-'.' 2Ki 44.
D4 214 J=1.9NN 1&. 440

2142 D2 L =1 ./2L) .'1 4 0

214 L,-.'ý+ D2 (LJ ) .i- 4 Iw
C %-. C..2.,PUTE VECTKR 7EcT,>,,TZ AT jRL P.!,ANT *K1 4:,4

C C->'-PL-TE $,TZNAGE INEnX 1*~ 4:,:

c CJPT A.% O 5TJý RE XI2,l EoT P11'TE: A T ýj IC Pj3N l,,. 4 t
VA X (K) =0 . 'N: 4:;7
VY (Kdl) =0 . "1~ 4:-6

D',;2 216 J,~ N' N 4 c;,)

VX(.<=yX (K) +SX L)LI*32 (L) 'Ki 4b2

216 V4(r,)=VZ(K)+:)Z( L)*2 L K o, 1 4,~4I
V A v. VX Ks4/2..AA i 4:

VZ (K VZY (K) /5(21' ~1 4u

2 Cý 9 X 6GAG +',C R I NITJ,. )i ~K, 1 40o
LX=LX4-1. *K'j 4u~

I F (LX -I L (J.;)) 2u11 92 011 92 C,2 '11K4 470
2 " 1 X G ,PL L ý( J'w) +wG2 ..KW 1 471

LY=Ly+l :,'I 47Z rt~

YcYý,= I NT ( Jý .) .K.1 474

1152 J / =J .-.+~ I ,. 47u
I F (J.ýJ T.;PJ ) 16j1 62t , i i 9 ý. 4771

i 1 6, JT J;.-'tf, I 47o
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C : TO 2 151 .- r.4 1 4o0

c :-I N,. 1 4 ,

C 116 :IETHr) 2 \rAR75T VECJTR V K 1 4,; ,2

116 N,= 1 4K1,1 4o3
G, TO 115 SK'.-1 4o4

IK,,1 4o

C 117 T; S ALL VECTJtu . I, HT-T-D *.-. 4o6

117 Vi3=JTP•PV 1 407

E T 1T 5 I,.%I 40
11 ..ATI ,IN . .'N,\ ',I 40'.

< ,~~...,,G.

S19--Tv»• 4 LEAST 2½4:,ANs A-u,, .. ;

.SE ,,,, , NCZýL=4 T.'U A. . Ti L ,T 6T tm 2: ,Ire:i 4a
C \>% ,-....T EE. J -t m Trnl 3 F-R T-i LE, T , - .nt.., 4,9

!! E: I F(•N%-,,) - t 1 iI ,l ['''"' 4,.

144
i1 F1 I 1 %il L- 4 1t

T I/74E, C 1 \T I T K.-, i 4

22 21 ,,1• T ..I..T ,:V'.?CT 'N'..• 4.,.'

, T 77 ..

SI iT T ., ,2)K_,' TI,/ 1.. 1 :;O'

. 1 C..T,5) ., I
';" . r • - T s ,z1 ',-- J ;,A.. '.-,CY.; (, I 1,.A(.-' ,- r I ,:. ZL J) f ,JT -'. V; .-'..; 4

" ,1 t.N.,,1 CiJ

• <T- I : ' ,7 " : L i i,.-, I , .',I .:

.I. I L

"2 '.7 ..L " _, :3- 1.

(1 L ,

1 T L I T )- J . ;=.,L

"ITT (I I,'')C '.L.. 7

, T T -T .' J L LSL:J *i "''' J-."Y]

"- --- -~ i - 'N.;., OC*
7 ,',T ,1

17"7



:bIbFIC LIN7 L I T *DECK om',q/2 L 117

C T.vA.5CHw~i4KL TLt-riht LA L uLrmAT I io- iLL, kf ..ijvr 7 LI' 5URuTN LIK. Li 1

C 19 OCT 66 L IN? .

c rHIRL) PANT uF TIKAU4SHUik MJL)JLL. PA~i,,ICLE IAN&i[ L1,4 '4

C LIN7 5

c k-* , rI- - ýn - ,-' ,ýI , - v W - -- -1- n-' 1N7 6

C LIN7 7

3LL U 2 onv<u~fiNE~ Li,4r: Fuii rk .r-ý ULUUUAL LI

C L11\7 -

c LI N7 1 1
COMMON /SETI/ LIN\7 ±z

I1 L)i IA' ý ,i IUL I I L ) Z i ýi( JUL 9 1 LALý. j L 1~ 1, 1 1

3z~A T 2AzU Aii 9 L~LI~rJ L,~ 1 LN, I'-

4 AlHY (4 k,- N'Ii N I ) I I- D P U/A'. 9ý I kI'k 9 9 , L i ii 1 0

5 b Ax4, )PAiý5 Pk6 9ý t-Am7 Amd9L iNY 1 1

C LIN7 10

C-UMMON /btTZ/ L I N 7
1- 10 z i L) I U, u1I 9 DALL , cALU Y DLL LIN? 1 Z

2 9 BYLQ F ALL 9 T ,9 rL L,) 9 A ULZ Lj~ i .4' /

3,9 YUZI i, iLCf t,, HTuWj 9 1T.P 1 IL. 1 J L I iN7 '

4, 'I m 1 1 9J jAo 9 y H L,. i ý

5, F, F-Aý , Tk- F -, V A v , i11. I e

6' 1IL 9 J L % It 0A bo ouIN I N6Ti-< A T L I.'N/1 4

7, jL LA ,v 'L Y 9 JUR A 9eit, ,t) ~i ri I T IPARIN L IN7 Ž

5, IQTHUFU ,iuAII~b 9 1u~' ti I U e91Pu T , P~A rJ1 9 J I-'i'1 L IN 7 2

2 ' , jN4~- , Ii A 9 N (, to-~ iý V'414 T I N A LN. LIN 7

4, Uv u 24 CU '1)'-u 9 UL) LA ML"-P L1)i 1 U4

69 kUPARkT LINt' T

0 L-EN I UN ['(152U) qvyilnvU0) PATE[Pi6j) ,tPI ( 70) Li '-,'743

L) ,,E Ni uN JL 7u ) o I ALD-,(iu) , wkx i 7u) L I Nt I-
L) I m'4buIN A t kI Nf ~( 70 twLLA(70) , L L Y 7 J L I N Y-

L)1 .L NI~'i I N 04 J'tY( 7 '0) qoUlb1Ii(10) 9 UN ( 6) 9ý,LU( b L iNt ' '4

c LIN7 475
,,~, ~ X W W1 N

0  7  
48

1 LoMA (3 N 7bI :) G It

10 FORMAT (15) LIN7 n1
I1I FORMAT(6E15.5) L I N7 D
12 FORMAT()EiD. 5,615)) LI1N 7 S)

CLIN7 54
C~~~~~~~~~~~~~ I*****~~ IV ,'. , , L,* *t** ** L i 7 55

DATA PkuON,-1 /6HiLINK7 LIN7 D7

C LIN7 5o

c k**** 1t-*i, 1*** l L 114 5,-)

C A, k** L I,* * * 1* * & 1 N7 6'-'
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C LIN7 b1
W =u LIN7 62

NO L=0 LIN7

E~PSI L=1.0 L[N7
C L I N7

C A kt TNj4'-APuT TKACEZd I B3E wk IT TtiJ. YL&) Tyu ýýo0u LIJN7 0 0
IF(IC(6)-1)n5i0%oblU1os5u0J LIN7 b t

55UU ~iPNT=2 LI1N 7t do
6O Tu t))u L IiN"1 09

5510 iNPNT =1 LIN7 70
C LIN7 71
C nRANCH- TO k;_AD ADD I TIONPL. LOAA L IN 7 72
C NE~AL) iýAA PECUL1Ark iQ LACrl LuCAL w~4L $YzTtm~ L IN 7 7j
5520 IFINLOCIRI 51U%5109511 1-117 74

C LIN7 75
, oI ) 2 I I JO.. jJ iL-ATI4vc, WILL. CAý3ri TrId LýLLAAL IL-1JMj, if"I 10

iC 1)-<LAul IiL_ L),TA Trl,AI ThLY i4~LrL .df1EI4i fiLY ri- ~ziL Fl 0I 11i1LRZLL LL'4/ 1i

511 J=-1 LIiB7 7o

00 I-0 iiLUCII< L INT I Ij

R' = L lo.
7  

v

GO To I SulD , 9 :)U , 9 9,u)j) , ýi I ~i,l7 b~
1i CALL MI-ANul JgkgA> 99Y 9AC L I ii 0.2

F00 TO 5-C LIN7 84

5,j 2 --ALL ;kG(IND1. J 9K g\, AYAAZI L1NT 7 d

20 TO 5 , L I N7 S

5u3 C:ALL L-RIJ~ArL. LI-7 0!i

'3 4 L~'T\JL L I I ;

oub I-.c

5,- CC T I NIJ! L i!'ý

45 1 1 1 I , IL L ,1 L I

49 iF I ) . -L :) L ,;' ý Di L 114 1'

A~ AI3: i o Ti I T Li-I! c

'N a :D 100 I.) LI I LI. U

5 1 10I' 1 d 1 To IT L IiN I0

=' L 0. F IT L IN' ~ij
I F ( J Ti I"- 1 iio 1 6 1 L 1U7 .C

1 1 T1 I T -1ý LIN 1 4 1d

r--3 TLINT 1 C'd

F I '4T <ý' 9 , L jC', 1.7 LI\N7 1 1

1 112 FAD) CIP-A I.)N LI\7 '1 1

C L INI 11I

I IF i N )C1, 1I 1 , 'ICA~ L Pi 7 11½ .N

C L I N d

1 -1 I FC( %JALOF TC1 21 1QŽ21l9 1D3 LI 1 7 1lo
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C 1-IY 7 11I0

C103 ckoRtur - ALA-i~ -161 IvJ LAr•UL. 3mUOLL) i~cVior nAtlrin4. Q,0 I'. cAll ý .i&i47 1 e

103 IRRQR = i U3 L1 I ±6I ±

C LINý7I ej

C3Uu uLNtRAALIZLU) ERRO'- STOP L114t iL,;

Suoý, C ALýL tc, k H-Kik Mr P-,mi<ur¼'IwUlT L1Nt £L4Z '

C L I t ±ýI i-ý

1J,2 1 CýALL UUi'Pr LiJ,7 i±60

C LINt/ 12 7
C 1,,2 4 uw tA kAD A noL C r OF -~IILCLL A L FL) c-,)-f , m'I P T oI~ LI11,1t ho

122 15=N L1247 12-1

k, AD (I IFAiHIN ) (1,PIJ ,J) ,LPJ) ) iHA J) ,94-(J) stF 'ioq) =l ,tit L: Nt 0 02
r L u1Ný7 13 1

wC ML i Ai•A;o0H 1T Ii-<L A ± (-r O L Awk i I YL TO ba Dz lL 104z 7l

5521 \FRE ENFRPEc-N LI N7 in

C I~~~"wc-,.w (,.C iW ~ x. c> ~ W~ w a II7 137
C L II N7 i

L DLUji~,iCj,, U-r -Amrfiy...£ pLLFr-I ulý, Lý.j LII1 1I

121 [)J lb- J zi, IF L cN 7 14

ASSIGN 3<5ý2 TO IPAS L I Nt 141i

ou TOu 554c,553h,Npg c L 11Y 144

C LIN? 144.

0'j iLc fr1C L L T, UL iAo~~m I--rI +F~ L I',! 14r0

D:)4+;I ~ A, jk 
4

( J ) 10 ,cý -i' oi"7 14 U

i tt 15 1T rJ )-E&L;t lcI) j9 '0.n jj Lu 1 ±40 1

±0 IrCNLI J-E i4 t i1:9!'ii LI~ 1 i17J4

191 In,ýiFC=-19ý7 L 1,,47 15Ž

r ¼N 7 154
2 5o A rFOrl ILE HA 2) c3EEA,J7:LECTEI) LI1NT -1

r- ir. ML L Oil T eAr Tl L-L iI ho i M, L JCAL. L K SLI Y~ zT2 L L IINt 7 1c

±, -lr K1 9C 1bo,19aU,.± IO I 1St

±1)4.ý L0 :jO N-\LCI L7
0  

i

Irt 1ArH1J L,•. \IN. ý ) 1±y Dc4i 5,±nD.'9.1j iK 16±i
ij' Ir ;o<tAr'1A1 1±DC,1-094,14 9 c+LiNT 16±ib,

4t 151 Y ')C rI ,YfK i :es i ± :: ~m. on -1 LIO 1 ,7i6:ý
1;o 1 c, (rAAX Y yK. 'P 31 Ijo i,, 1ý5 b L~) IN 7 154

buej oi TjNL LLJcNA.1b0 ýlrt1;... i I r, Ii L-Ami Ir- Icc m , Mc )IM yo ±eý 7 1I,

C LOCAL a INu aýY3T in.' * cir7 100

b9) cA LL LQ TiiK JN LIN 1 ±0,

C L IN 7 172-

0 0o IA Hr-lcýiL ou~Ui~urLo P HAriXII(LLL ALItT 0, 11 . L I')471 ±7 1
PF (5 J ) +v souý,.di) 166 b9 ±od91 ý ±7? L 1 N7 172Z

±9 15I I J ) - L iL) i i - 1 ) 5 I ± : 10 9 10-j0)0 LI IN 1 ±7

19o d T I=NT I+i LI N ±7'i7

GO, Tm) 163 LIIN7 17o

1952 c-ONTI NOE L INT7 176I
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C LIrN 177

195ý XX=XP(J) LIN7 178

Y y=Y p (0i) L -IN7 17 9

ZZ=ZP 10) LIN7 J.6O

PK1LLz~ p3(j ) Llih7 .i o

1961 CALL GE T wV\GJI AX ,YY PZLL i.Nii) ,.jA. L 1 ,4 ib4

I F (JAAi.) iJ j 9~ i, )0ti: Llý17 19 3

c L I N1 104
C95, rm Ir Ii cCc L ~IN0) FI L Lo 1, NOT IN COR6- L I A 7 i8ý

19t)9 F~lAS(J)=-r7'AS(J) LItl- 196
TPI .0)=TL I;F')I ,.IN'7 l07

INLuS VS,iLuý,T+l 1N 7 bo
GO T.J 161 L 1,47 i b,;

L LU-I . ±VI

I vo CAL.L FMkLLKA2I ,,VA;ý-,,,,!-c rV9 F -,Ojt I t)j L INT 7
CLIN7 1 Y5

vbI~ Z i / Z'. jt. L I< I',

.,AL~~ 1O' 7u ~

Lc~G Al TO A,4ý i 1 AO "j LiIN7 21

iiA t X - AP t L V A) ( J. I , ,1- , - L . L 4 IN

1h 0 =(Y I ,i,4.., If L -Y kj j AJ.01,1 LL I -), Li~t £1

T c)u= oL-T' )/(V).>xJ)I L i'd47 ý-1

GO To 168,1 L 1 N7 40c

162 1 ,,;; L I N7 420

ASS),IGN /It TOJ N L IN 7 221
GO TO 168 LU.1"7,i42

1I T .5 jj=(XCU-ArP (0 / v A1t JA AL. I LUiT 7 23
L LIo47 1£'

164 IFýiVP)b, 1.,i14 L 11N7 e2I7

C 6T 6 L IN 7 226

166 L- I~)J- ljiOYtO,1.LIN 7 23

ASINQ- oN L IN7 23 1
IbV 12"XW' jQu(AUL3I& OTp. Y TO 168~ L IN 7 Z.3

167iU TIY=Y3l t ('-oJr1(l04IIoJ 1jOJ,1 LI N7 233

159Ž IlL = 1TTq~l/-1713IV' LIN7 227

181 ?I)ýoIýPNiILL ~ , iA dUHIJrIi Y3T olLN



GO TO 1711 LIN7 ýj:

1691 T IZ= ( UT m I T(ivy) -ZPf )/VPZ Li10 7 -~o
GO TO I1111 LI:ý7e

176 TIZ=lu,(.0jJ~. Lijý7 e:o
GO TO 1711 -li~/ 2jý'

171 TIZ-=(B-THIT(JOý+1 )-Zh(J) )/VPZ LI'N7 -l4

C - 1 N7 e4+:

C 17 11 F i NO4 TniL EARL IES T I >T,-:PzECT j'w\4 o I THA LjC AL Q. CVC0L-ý I I, -Y fIL L1.

1711 C-I RM1IN= T L I AI T L'

C A k Trit RS AN~Y LOCAL C- I JCU LA fI uN zY -,T Em,4 YE.)iO 4.7ij L I". N .'

I F ( I ;L U I R ) 17 2 17 2v17 712 - IT'7

C 1 7 E~'-'~~ T ImE F r L I uriT T~ 1j-AC H u.F TIriz F v uR v EKT I AL P LM.. T r- T L 1 17 -47

1712L u~ 1 713 L J =19,1L uCI k L IN 7 44v

3Oo TO (917,i-)IoN1 L 1 N7 .5

T X 2= 1 ,)I1
7 252

GO TO 921 LIN7 2;3

917 T X 1 =(C k-I% X L i X iJ))/VX(JAwMO) I ;N7 5 -'
TX2=(CRY,'AXX(LJ)-XP ( /VX ( WA L) LI N7 25)

921 GO TO (9199926)tN2 LI1 ̀7 e :

c)2 1 T YI= 1 j~-' L I q7 257
TY2=1'1'0iD.~. L I N7 25o
0.' TO 9 22 L 1 (4 7 2 : ;

919 TY I=(C k;ýI;,Y (L J-Y P (..J)/VYIJwYAD) L Ii.7 e 6 G
lY2=(CRMt"AXY(LJ)-YP (J))/VYUJlADO ~1 ýN7 Ž6Si

LlN7 464

T z3 T X !NTr"R(CFTS LIN 7 2 u
iS ~ ~iT DRETIv)% INTERCEPT IN To4E PAST. YIE: Tu) i714 LII 04

?2 ? 1 T XI)1171L,917l691716 L rN 7 265
CLIN7 266

S~71/4 I1 TrzE ýL~u.ND X IoEC,ýý-Tlul INT5-ýCEPt ALo:O IN THE P441D. I F Y E. L IN7 -,67

1" OI CII- C 0 [ IdER 1, c <CE i-`T,7 Ai-E iii Tril- PAzf AI\/*L) THL PAR I 1(LL wILL L Ir iN7 -cc

-I IiEiŽ,<EC T IH-Iý,IL: LL. GU 1, 1713 TQ Lu~oIDa,-- T"-L NEXT CELL. L 1 17 2 ,;

1714 I F ( T X) 1713, 1715,1715 LIN7 1"7 0
17~ T',IN.-,T X i LI N7 7 1

I: .A AX . TX L L i '.
7  £72ý

90 U , 1 71/1 L IiN7 z£7j

17 1b IF(TXý.i 7lc#171;9,171y LIN £ \ 74

--716 T %' 1'1x = TX L IN7 217D

T*,A~x=TXI L Ii N Ž76
U0 T 3 17 17 L IN 7 277

LIN7 278
1 1/19 ,Th A: T rR ET - A:RL I N T -i F UITLPRE LiN7 47v

171 9 IF- ITX l-TXz)17l5pI7l!)9l7l6 LiN7 280
LIN7 2 81

C 1717 1o rT Y I N1 LOLP T4 L IN47 284

1717 IFITYII 1Ž(,-,i721,17z1 LIN7 e8

1 74ý I F (IT YŽ)1 713,5 91 (z ,)1 7,- L LI N 7 2b4

172.3 T 'INY = -I Y~ 1 LIN7 zb

Tý,AAY I Y4 LiN7 286b

90 TO 1724 LIN7 287

1721 IF(TY2I 1725, 1726,17eb LIN7 288

1725 TMI NY-=T f LIN7 2 8'ý

TYAXY= TY 1 LIN7 290

GO TO 1724 LIN7 z-~1
L LI N7 2,4
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C 1726 BOTH Y INTERCEPTSQ ARE IN TiE FOTURE LIN7 293
1726 IF( TY1-TY2 Ii723, 172.jq1725 LIN7 z94

C 1724 NOW SELECT FIRST I'JIERCEPT LIN7 295
C LIN7 296
C SELECT Th-i SECOND PLANL pýIERCE (LAST OF- FIRSTXsFIR.,ýTY) LIJN7 297
1724 IF (Ti~ I .q-Ti-11NY) 17Z7,pi7z89 1728 L IIN7 298
1728 TS=TMINX LIN7 2 99

TC=T',;AA LIN7 jOO
GO TO 1729 LIN7 301

1727 T 5 TA I N Y LN
T C T, l A X XLI N7 )0

1729 IFI TS-fC i17.no,1 Mi, L7ij LIiN7 304
C LIN7 30ý
C 17 30 KtE TIM~E 'jF EARLILST INTLRt~CPT L I N7 --O

1731 CIRMIN=TS LIN'7 )Oo
1713 CONT INUE L I N7 3O0,ý

C* * **; -^ T E,-i H L I N7 310

c LIN7 312
C AT T mI -ilu 1,i41 Ci I~ <, , A I ii, ITni T~ uF Tricý 5r~ I - IT LA L iri7 j
C t- ýLLl r ý,Tiý L r- u )-'- L, dA C Ir• L HLM I iu 4 D oTC1 L I I -ý i'
C i72 Nuv LCI EAiRLIET L I A\U 7I-l I

173 IF hIIA-fIIýt17oi769,.7o L N7 -ý 17
176 T S>i= I IX L i N7 -)io

I Fz1 LiN7 1
GO Tu 179 LIN7 j2C

L IN? 7 21
C176 Ei Fl~LL~ [ iE ,ur r-LIo&T uTjAuj. Al 1-1 T1,"L Ut) rLIuIHI~ iýfrL Lii.7 34e-

/- t-2 :4) L Ioi7 j 2.3
i 7 6 TS ~ T I Z L 1l,7 -ýZ

1 R 3 L IN 7 j2D
GO 0 i7 Lli47 ý

1 7: 1iF TilYIlL)T14 i ±7 ,5i/ 1o L I~q7 32 1

I I2 L 1N7 ýz
C pz LIN7 -ý47

C 19 2 ~~n ~ 1YoTE.-. PRl-,ý Tc EArkLIEST L'A~ 1L;,7 i31

Cu 1~-T 7 -j i2 LI1\,7 ý 5
17 9 1 F ( T,- -C Ik~N 1< ~ ,I I Ns 7 92 L 1N7 3 .ý
2792 T Sil=C I 1[\1.~ L 1I'll7 :3 -1

C I Iyi I ilL- LjiT ý'--'L LýLruriL ELmLiL..)i LUT"1Lr Eo`,u'14.AIY. YL:.Z fj i~ L 1,4

S791 IF T +*- i E E4.J T i i ou , i o~ z 1 o2 L I r 7~
C L I N 7
C 182 i m . i.- l t<T hAM i CL L. 14 jl L c.,.uTI J i ~ 5,

182 T ýD-= t:J'.LT I,,/- T L, I Ni. 7 '+l
I Fz4 LiN7 s'.2
'30 TP-c LIN7 ,,+ ý

C LINC 7 1
C- 181 rtE:i FuR LXý-ES)I Vc.Lý z~iiALL AvNTLIN7 .i" D

181 Gu Tu(ýDU9Dt7u) 9PAPNT LLN7 )40o

558l)F Si~'L 35,.,u36 LIN7 540
LIN7 34'V

C DPý-L-IAL TN'i~z-'JRT 1,, [nti 'iR ~jF tACrt.)4VELY zwuALL iz~iý L I N 7 :
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3Q05. GO TO IPA$,9(30529305j) Ll, ýDl

c L I N7

3052 ASSIGN 3o.ý TO IPAS L14-
JWADI=JW~AD L,\ D
VPZT =VPZ L I N --)
TSM,=EPSI L L iý I:) Ct

GO TO 1611 .7 :,I
3J53 IF(VPZT*VP-Z)3ý 549L+,.)PODO,)L1

3j54 VPZ=v .0 LI i

TI Z ILIMIT L 'I C

3&'5 VPL.(.h-'L+vP41)/2.O L.~. 70

c I F v EC T u K At< E ý F ,'~~i r I E' A Z ELi-,Q 1
3 )5 6 1 F v Atj,. A L"v A e. A D i J 9d,1,o) Ll11.7 -36
3C57 V , L !'.7 -i

GL; Tký j- ý 1.4'7

C L 1,7 5,
J3Q t ,Fv J.~A)v Vý± LlJ,170o-17 e

T I i T L ; i L K I i~.

3,2 T L 1, ; .~ 7

jri FT 6;.4 )5Th-30o-,+ 9 ,o LI1;. 7.5
b o4 1~ - L I.'

3,-, T L L I i'., YI

3Cb LINTi .)b4

~~~-'t~~~~~ I) N,~+r-rT- LI'7 o

Y Lj J + v -T~, L I oi 7 -oI

COTO -3..63 LI1,AJ -) 0

3,)67 A,310N 3-~52 TO IPA3 L i N 7 2

C 3.5 iI b K T I C L ' b E Luv qA A I,, T P u~ r-roLurI u i ' N Tu idil LIN 1 .* -1

1812 GO TO ITT,) i388,j613) LjA7i - ').14

C L IN 7 ) j

u T E I '.rL' toi.T~ Ku- Y,~ A 114U L L) I mr- CIT1ui'4 Z, ,- LI'14 1 Y0
1813 A I N =L)T i-ýAC * VA (J yA D L11,47 19, 1

Y I N= DT, 4A C *V ý J yA L) LI N 7 4+00

/-[N=DT7ýACkvPZ L I'. '+071(
1814 XP(J)=AP( )4YIN LIN7. 402

YPI 0)=YP(Jj+YIN, L I oi7 4+0. )

ZP(J=ZPJ)+Zl,4LIN7 404
TI>o= T 6(..j) I 1>iAC L 114 '+Oo

L LI N 7 +07

c T E:T - ) L k 7pK4 T t4' Iu P)- r-Y L 1 14 i 4LC
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X=XP (J LINT 4+0 9

Y= YP ( J LINT 410

CALL H I GHT(X ,Y Hi LIN7 411

1 F H+2ý .uQ j i I 9 0 /-9 1a iLIN7 412

1815 1 I .ý- l t - 0l LI N7 'i j

1816 I F ( -- J ) )16 17,lId b 16d Lli47 4.11+

CLIN7 41b
C 1811 T NAji,ýirk T PAITICLE hwR T5ý,P L IN? 7411

C~~A:.ý ri•T IL 'H T'W ~ -,~i lh-i PAR<TILILL.AILL Ak-riILVL IT,) L I N7 410

jO1NLDARY LI7 '+20

Xrl(J)=XP(Jl+vX(JNAD)*TiSA LIN 11.7 Ž1

Y P J0) Y P j J +-~ V Y ,ADh T S;.; L I'. N 4L

L, j )=LI-' j +VPL-kTý> L1N? 7 -~

T P J TP JI + T S' L IN7 '~

3vbJ UONT I N~J L I; N +L1

5i T'O (55b, 955D),-N LIY 1!, .7

1~ I~ LN 7 -J

c Tzf .' o -~~ iiu 1r-,~ ýN I mA r-l' L 1N7 4.;

C55C6. E L I Iv? -+.1

18 LU IU N~ I<LI4

CCO TO i 6, L I J4i -.4 C

25D J 14-J W L 1,4 7 4+i

GO TJ 11)50 L I '.? +4'+e

252 IFI VZ(JAADI)Dq-',s- L I %? 4-1-

?59 j.'.ý=I-Jý LINT 144'

rGD TO 1961 LINT '-.+ D

2 5 1) JW=- ( Jc' +I) LINT 44'6

27- GO- TO i'A61 LINT 441?

187 13U TU IrTddi 07 1 LIN1 'N +'c

1871 X=XP(J) LIN? -*'+

Y= YP(J ) LIN7. '+ýC

C-ALL riIr-lGT IXY~h) LINi '+ý1
1 F (H + 2 ý,ý,j. j) i o1 7,lepi o ,12 *i'-7 LINT 4D4

1674 jF(H-+j,yoJ.OI i67Dqjc7~qioT6 LIN? .5

C L INT 74D4

C 16872 r-Af. PAkTIiý.LE oDri'. J i-,I rjý, D .ý L INT7 '+ :

1872 F MAS () i -F i-AS (0) L INT 7456

Tp-'1) =TL i 'IT L INT 7 4:ý

NL)ST =NLO5)T+ 1 LIN7 456

GO TO 16C LINT "Di
LINT 460

C 1675 tl=-iiUGjU* HrI.iC L L L Y W40) 114- INL TH L 1IN? 7 4o

1875 TPJ)-TPI.j) LI NT7 '+u

N Nr.= N j+ 1 L IP oi - . -

1877 JTuPl=-l LIN7. 40-)

- L '. 7 *.oc
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1875 IF(H-LP(J) )!6o,,jo69ib6 LIN7 401
CLIN7 460

C 166 i4rNC) C4mr- uF Om ~WiýLiý, rPA,ýTi&-L.3 ýili '+v

18, -) ( J = ) A T i +I 7 0

fP J =-P J LN I+ L±I'4, 7 L

NGNG LiN 7 4.7.4

L IN 7 474

LIN7 47o

~L &F A I Tr<AA,3ýý-ux 1 LIN'7 41 1

L LIN7 40o

c LIN7 40L

~ T-~ r- ~~L 1 L4 7 481

c LIN7 480

i-ýA l.' ,TiC !'LL T-sa u.)r Ij L i i HILL LAP LI 7 48-1

2,~ 1~ 5WKCE AL4 9 1Luuj:YI-L LlN7 464

Ii V1-I 1 L2,Ji,.. .INw L IAUt - )L r <I , o

L II 8

(,Y'~ I iL 3 - T C J fUA .NUt-TL T' L I i7 4tv

1 4 j .LI \) LI- 2-- .: L 1;,7 4oc

PA~~2 I N LI7 0I

12,) .I~ T,ý r- L T \i7 4;

j T74FI . I ii IL N7 " 07;
T L I N7 +-j

L I N 7 -+

I T~ L IN7 50 0

1 I~AlV ~N.1VUCI. JI AlC~ R NTi.UIJ -L LI-N7 0 i
IC ;:I[=D IEL F F8 A;- Iu ON I4 LN 7 512

1 nPw AAFý IhM ,o~ =NI~t I~dLE TR L Ih Nju 7~ L 0T1

IT AR~ TiL rIEL TT L IN 7 51

i-2IXCzLIN7 51508

cLIN7 510

C N~ I D>FIL ELL) ýjý FU turou 1UT{ ON~ TAPE LINT 512

T ,0 I. ii.iNOýIL TCAPv, ,-< RTLLCut5TuuTrA' IXTNuLIN7 514

CLINT 510

C bLCKr I S ocT t)Y TI-IL INiTiALZI~'u PRuur<AM wr-iILH- RLA'ýo IT-iL Tut-u LIN7 521

c AND RESET W~HEN UFF-TUPU bUFFER IS EMPTILD. LIN7 524
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C L IN7 525
10ý5 JTEST=1C00 LIN7 n26

DU 1L)7 J=i,\ibLCf( L I NI D -,i

108 JTEST L.JFTuPU-J+1 LIN? D.)

C L IN 7
C zEr-, lriE t-ILE Jjr~Cj: irJ0 EVEkr~ iMPPLN. ,-J w1ý A Cý~-A11. L 1 14 J-14

r60 TO I : L I;\

112 JTE -TýJTEýT2 LI\ 1 - D-
G *2 TO 142' LL.ý i )o)

109 I F i I Ez, f+JIT ij4 F)iCO79iý79ii L I N 7
113 ~J I[-JIucA,2 L~

14 JF=J Li

127 f2t2,T I N. i~ L I D

I N I7 D~

2 I T ij ,ubii .jr- r-i/, Tr-t ýN-mo r it TFS ri F-IL Li ( C.

C NUA U i A HE -1 : U:ý LC T z L EI L LI\ i'

I F ( jr TýP,-'. P i, ,i'.91 /2itU71 L 1 14.1 +o

L ILN 7 DL.

1272 j~ -JF T.Pj+ 1 L 1 7 DD
T-) i..74 L'( 1,4

SI N 7 D

c L I N7 D

I atP Fi -,C L iINY I D5

A ') I IO T~P J -iJ L. L 1 ,47 Do't-

C pj LIN7 Do

C 1174 i%4E ALL) rF- ri t. ,r' r C 4RIL Z LI~ i m7 )

11 7 0 118/- J=1,NL~s L I N7 j o,
1 - L L TM uC ((il i Lo i j14 LI7 D

C116 1C AL FF-Tr r~lIun L INi47 D574

16!OI 18 LJT = ALOPTLIN 7 D
I F F I8C J /u- l 9. ,i± 10 9 LlN7 5 ý

1 171 F TP1=J2  1 ý1 LIN7 570

F T i ME 1i LI N7 !57 1

0 TO I> IN 7 D 7 -
1 18C J T IN ULIN7 574

C1151 JF%'sT, uA ý PiCE.,AjF =,SA\ oA '~N LIN7 ý81

115 .vfRITnlI uTuP,') fquL L I N 7 b2
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R&AIND IOTuPui LN? Do-,

NE-WINij IPARIN L I N. ' ?4 3
I T EAR =1Iý TuPU L I N 7'

IOTOPo=IPAi<IN LI'U D22

I PAN!N= ITEMIP L IJ 1% )

T 0 TO 1(1 01Ž47 20

o L cT T' OL~lSLU k< r IL LJ jgf L~' IMP iN 2

13- 3 TO 124 01Ž47 592

L±1N7 24

ts ALL I,;JA s-~rA~-ELLuý D41(20KýoL DN

124 ALiL jj,.ALu)FT Lit7 )ý oa

IFI>A() ) 1241,12c19Že LI1N7 Do'7
1242 1F(P(1F()1A -A )21c',±e~. L I". N7 )9
124.2 F TAPSCJ -T.N'4-(J) /4)9 L I i7 Dy -Y

1 1 -(CA N' L)2,2, T1Ž47 o00

123? T ! N1LL'. 0 4)

TI A
2 

LT=--Ii 71• b0
C)T O F II 123L2A1-ý L IH N 7 I

1.23 ACIT I LI? !!17 O4

I D I TL/pr- vr JI~ 01 2 ý91L1,

0OT ,. 1NI LIN 1\7o0

IP~ [Ž4 I N LI7NT 7 C

I ý- 4 -, 1 L1 N7 1

ITEND P I-,ýIr: LI ? 0 125

- ~ ~ ~ ~ ~ ~ ~ ~ ~ l +- i)=I"4 ,

P -'f~l = IT L Pv u3
Tj L IN 7 cI
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$IBFTC GEThN LI6TDECi(,M94/2 GE Tq
ý)UBROUTINE GETwND(XX#YY ,ZLJWADvJA) GETW 1

C 28 NOVEMbER 1966 GL~w 2
C T.o. SCHwEN&E TEChiiICAL J~tATIuii, RL6EARCH GE~w 3

C cETW 4

c - Tw 5

Trij6 bu6kuuTitNE TRE-flcvc THEi MACRO wili.J FirLL) VLC-f,.j vwr-iIr-i Qr-I 7

C APHLIEd AT TnE PUINI aH~j.3L CURD)INATcz i~r 1i' TriaAum ri Q .LTA 0
C XXgYY, ANDZZ AT ENTRAiNCE.. TH-i XPY, A1,4 Z v,,lNj VF..TjR LIE'w~I 'I
C ARE INJ ]HE COMMON VAikIABLESý VX ( JvAD ) 9 ýY(IJvvAL)) AN u v Z( J v,~ Q c~A
C THE SuBRQýTINE RETokjiz. IF AN ENTRANCE 1I) mAO~c NI-ir Ak&C.-,iL- jT

C )~ET NEGATIJE, Ja Im) .ET PobI I I E AND I I . VAL,. I~ -- LL) T,~r& 1L
C kECuMP,.)!EU. ~JPON EXIT JA'AD I. o ET NEC,,t TI vE- I. 'I~ I<~ LA A i-i. j
C MACku ~Ii FIELD) PtrlfALNjI'C Tu ýiic T --.

L IN Cutki.. - .

C G~cAY -* 7
C

C 1ri iz ) l4DLA 1 01-ý i-l , 'n I- - rj.L~

L I F N EG T i v L , LI s-ii N , , I I ic I ~ o ."iC
CGE Twv.D. Ii ý LEM -A t- T 1I1.j C

C COi~PoT E,) DY 3ET-w\.L;
C ,- IN I I C L L .A t )- T,-. - - IJNAL, Aý<INAY.)

.-;AClk6i XI iý F I -L, VL r- .,I ;c,. -jAý L~ ~tI IN~~ i 'q 0Y y Q I i

C iN CU•kL. L T ?

L IJ j~A 1 Ni ru in .ii- 1'j1ýL . II' - 1LjA' Ln L,, zrL I V. z

L j1,-'LA r- f ri- iT,t LM LIN i,4 Ai!-I~J ri> > . ir . L[

C- TIuN j a T v

c L~~~ - r ut- I ric PuI,jlT Irui, Arlij'rl -:AýFU v4-q ~, f , .ý-TA J;

C Vtw, [I I) ;uUE LI A .34

C Xx A QljulýIt- . S L ELZZ. 0Cý T v 35
C C YY Y M ~- Io- "i ir. ýDrc L -3 OT v. 3o

t'; ~r N.r TrI-L ;)1,Tz-ITL ,iT i'Lc.,-r I rlCi r-1)1,4 1 v ~ II~ uLIA 7

C %Az A,' CJV LL RET w 36

i i A VI, i j~ r C-LLý I\ Z.I 1, LV~AL I IN~L LA , 4;ý

jjY vý AjuL rLýLý I' F-~Vý-L iNwLLA LJLT.a 44

L r,t jij I j" v -i iiL x Fi TT~X~ r-IL u I~ 11: 4

A i-~ Ji~ I-ý JA 0 7Tu 40

C IlL ih'>rl~. rr.~,~ 4V1 -)r ul~JAIXYjLTv ";,

C GETvý 51

C 6 E T 53
C~-u'6 / uw 1/CT 54

4 vy l Y , 9r' i,~ iPAi6 v zjA, 1 9 ci-AJ-; pA< T 3kvv 1

D Im EN 1CN u E T 13 ý),-AHY(4D) (itTti b
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I

C -..:, V.T¢ ~.iCT
1 bL) be 2 ..:. ~ ,~ L. ~A~ T,, •- II

3, YGZ , , T , 1,ýB, - C r H.

4, L , IL , JJ , aA• r, L- ..1,,

5, ZP ,F9AA , iP ,P ,V , V

,VL , IL , I , AOj U , l I ,L /1

4., l • ,• z, l-• ,, C, I '. , l'• , I :. • , '-iZ+, 2Z , 7,

7 9 w% Lw ~ L L

II
I *2 I 2' i .,'-,i f t , , Y ,,T ,~ IT .. .: , 7

; 91 -1

9[" . j A 9" T'A L.v } I T r.) V 1•Z i•w )!• t wL i',

, .- l ... , v7 . , u,, ,, oZ .

• ,-.o ,, ,,J~ ,T t L) -A A 1 , L .. • L L 7+ •, .- , '_.U [ , O

lAJCTP+ ET,, 106I

L L{T 7<

I

I .j T,.- ,, ...... 1• A ,

C F-TA2 11

IF IJ,',T- ..h.. j5, l7¢ , , i TA, 9S

Iv L i% -- ( 7, LG 0

C 647,2 UO7.C GETV' i02

I', =, i f b_]• 0

1523 6,-1TS -0TA6ý3Tw

lC MrlL 2I' ~A2E~LC JcT 2LI. ilo

I
G E I190 L- I r ýA r, A P T. T

I F (j I-•. 6L )T5, 7 ,i•+o l' 1

C r5 -io M xl~L Ao v ig -TuP ) FL T i L L vAY•• L I o iL2 QEly TýIiL
15@ IF{L-bJý JT T))15,5 , 5 GETA 1016

15 J =JT OETA 10i3

ll v L I r' -I fI. I IIL I I LI I • L. II I



1-,z rA,l T JCLE I E•. L• .uL a J z iz i•T A iZý

7 u T7 ii i

4 IV 1 - L I i ,L T.', vILC -JT• z

27 kAA- LLA,' z.- T L

4 17 -1 N 3,AU -, N " ,-

27i It- -,LLT •, )•" ,. . ,• J•• . -J

2d7 + 1 ... y I LJ L:.i' I. k
C

1 ,;•L : •: , 1 -, -÷ J .I r Ii- J , * .. ',- .L_ ,

LL A

L fl

-4,~

Reproduced from

best available copy.
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aI6F TC L'.T A LliJC9h/ j
c i I .CT

C

A 7 k A3

A- r . 'A -

-- 470~0Z 'A-.'

- . -2.A I<i- "S. 1'' ~'~'F -I .0ZA J, L -- I . .-- "I- -- - j*

kmA 4 .l .A L * I .~mrm r..± ,.I . .. .. .r x.r-
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C 2 mGvNU± uw, oJ

C D CbREZI , "
'd4 NOl AssIGNED ubR W

C • NUT AsQljiu LLI, CO

¼'- T2- I 'L -hAL - S.-:. -,, rt, K .... . . Sl., 1, v, 'LA, LL ..-. 1' ,SI

LrY5' .,L A. .' Ki", ,t LM.w '. 2 t

5 L_ L L I A A r 5> I LI

L Y z&L I AA. r- . 0 -I L A L L L , L v IllT-- - 75
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bC -Fi;E.b IN XP(2,)u J f p(200)uL ko-c.s Lr,~~U .. Ir

I E i ~o I w 1 Tr(Ž2uG) ,PiUQ) A T r YiP (Lecj) 9 N ,sUt C.)J L-.A :-¾. 3
iIEf~l-,IUN VAX 15CLm 1.v( ½*J j I ,vLZ( 15ibuol ,L tI /.) L.I 121

LJI1. 4 E IouN T..'•Y ( )o) vzyLTL11X(7)L r>N< I -,-0 T ->

Il E '.iN 1Nu+N 7')XT c I ,C. 7ALO ItX.j (Uo 9.. MA o C L .T\ I
L) I tI.1 oAI1I6 IICT-0 wooM(iiA r,0) i u9 Li[N . :

T 2

L T I
C.i Cr- z

L¾ LL-i In

1'1 r A L(G 14 i. Ai L~ I-

G¼ N. 12 L..r.4

AbI 1 2.c - ¾ L J4

Q, i, 12-. LLýIS -1-4

i -J T400 2 I. L

3j T¾ L I)
I2 %~fl 1 2"L T. L.oA

TCV 2. 4. 4

r jIN z)T ...,oL.1 . 14..L i r IM.-. -.- ki I0.z i z.4 (1 LEOILL .F r-, L .. e..I 0

i. no. N-inl -- LLLM 14L ¾.AL4I&W OI' . .L* Lir 1 1 1b 041 9 ¾.MLL L9I

iAl I~ I'- UC I rio .'L R V1 'ILI Vr0
4
I07 MId- rM LN LL rL j H jI~i. QnA¾H ±5.

:.V L r [ ri 111N I,. I ,..L f31 N i xozr- i'i i TL 1.5Q is r~ s N .. LO Ii A Iji Ir-1....i -N

¾. LLL.L ýLLL 9 I4 L) N f 11 ",,) L; L ) I... --iS MPfHI1[ o.w•...i U2 ...

1Ž = 4[4r(Ji) uTi. m57

--)1 Z r = -, ) 441. 15 I QTI

3
4L L r.LC%,,I)tLc ,'tL-9 z 9hrv 9 A i r'lr, t.• r zDtR.UbLT) ' I 3

I~LjI kNTR i 6

10I41 r~.i L ro I s MIDJVz- L0¾AL LOrLL Lului ±0±o

12.1 XX z XW(J) LOTN< 162

y y yp _jLQT N 163
L£/- = 4.&"I J LU I I. 104

CALL u~zlnT.A.AA t rY iZ 4. p 4 ,L)9JA) Lu)T.< 165

I4..) t-j.
4  

V1.. (.. L2u L)~ 1 I N nLN ý

-Nr , Lto r-~... II' v4 f11 v43 ALL io1 LVLD LL. LlA16

12r.5 1(.-Q]. K. 4 1) 17¾

Gi fu `. /o'4 Luul 171a
LuIR 172

14. 0±4 ¾.,frIV.,L ,cICAi. ¾oL..,l4 (¾/Cý -t-3% iLLL VLLayiTY L4413I 1 72-

12.;Avt =v Vr'>VL)J.A-Fv L,,- T 1 74

U "I rI`-U iiIMLO u t Liufli F.. ALL 04.j.,i±/hR i'ILA,%¾L f- I3 1.4 ýMlL 10 1'. rLLLIN ±7 u
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c FuTuKE. h I KT CvmjI'Ur- T 1,-, Tv C~1,4G A Am I) LUC JL ý-LLL Ll- 1 -ý7 7

1F(VXiJwvADOH2u5pl2~oo120b Lu~m 7

GO TO 12U)7 L JT!( I o )

C 2ý T X ±b<iiA ý(J v DL Tý ~
C I ZU7 C~,ýt i r T I U .,c 7ý Cirkj ' TcjiCtr-P LUII 1ý 10.

1 t T Y Y= ( y- ý, J ) Croi1 14 y~ v fA .JALJ L..I ,(' i

6O TO 121.10

1211 LAVll- C.N Iri fi ) L ( N -2 L rL.- I

C ~ TJ~ LT~

C C .i i -LL LVrIc~ I u I -L ~ - r1 PAQ rLCL W.'~ I ~ i 4 Lr L~ ,

C~~~~~ TrL~CL~AL 2

I I k4ý3A 1ýIi I AX ,Iy Y i CELLi, LAy;F.<,T iý'~) +*.1 l L- T ,,

C Lý,T~ ý 0c

T I r Ir~ ~-1 J(IiLL r'ji< T-mAl I I. ý L,) I Q-('

i = r -' + Ai- I ~~ v Y iJ vA L) LuTk rJ

J ~ T+ I~ i ,,l t .LuI k

L cA) Cr- Iu L L A L L L A 1 iU I'z~ RI LL t-~< I r~

IAIT Iir- A '' T''A~' I ~ ~ h~ C. Pý~rLC #L r I L JI M

12 1 CALL *i L) JJ, N tA A kY 9AL4. L ) I-< I

6O Tu 13 u L, ITý4, L2

CO0 TO 13, LLW Z24

123 CýALL C-t~ E Z.I JNA> 9A Y AL) Lýi ý Z
~TO 13C L T,ý 2 2

124 CONTI N UE L 0T R 22 b
125 CONT INUE Lc)T'<

C C C'.UE: 1 13E I~ r< T I'-' I-jr T , ki 1 VV*- . L~h 2 3
126 1 R R 0 t12 b LO TR 231

7734 -ALL 1x(U( 1J ,e~ UiL) LOý)T R 232

C LCTR 2 33

I. lU iI-, A 1 1'(I T THL r-Ai-T ILLL r ( )..L- I ji L 1, mc' Irr t otiT LUT L U I. L, i N -14
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13,. 4~P J Zr (J)+ UTLuC*(AZ-r-V)LT:Lj5

APj)=XP- (J)+ DIL.DC`AX L l,/-

YP(J =YP (J )+ D)TLQC*AY Lý-Ti- -ý7

T P ( jIrJ )+ L)TLu( LJC, :.

C YEý) TO) 134 .wjT~ 4

133 1 - ý-.XýAA X ( N -AP(J 1-52 ,132 1 4~ jTmk Z44

I (1~ -<t.TLU P ~ c i i. * i 7L <Z4

J AU L -uv Z, TL .Ir A , ý r1 CLrC-L L0L;, , UzU I L.ý 7'~ -'

132 nA - i1QL LALFuvJ TD L 'J,:, 1-ir DY 1 Lý TYIL. -- 4

5 1

L LQý6,
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zIBFTC *'1iTWN1 LIST90ECK9,,-94/2 M T oN

SUBROUTINE VTWND1(J9KAA9AYAL) MATWN 1

C 11 OCT 66 MTWN 2

C A T o;N 4

I Ir-i o L uj T 1 4L ZC.kVL. T ri ),-AL ýi3 T~T r ý iN j

'A I L , Ni:' hi F-j1 P r- 1ýý Ar IN '. Q : 9 ic ýD ý i, A.'i r 'j -1.i T rl L T A i 0

usl r..\ liLL. Jý-rl T~,~jL ,,i-r )L-)Lr( I l-L rHiTi.2 - I /- ,,

I u IN L A L A IN ,)Au, - 1, -NA~~ T 'T AN

T ii 12
,I0YrAO1N /SET1/ T ý 13

D I A, ) I,ý i E 9 1 EALr. 9 1c I- , 9 c .1 D 9 "N 1'4

3 2 1 , p , 4 , A 9 A q 9 i 'NIN lio

4, ".Ll Y 9 14 9I T,999r A- 1 9 ýA " / 9 1~ 'A, I LI

7,I A mL 4 9 A~ IN D J(A , 9 ~tr A-ii , 1Aj: *. !

i j'I\, N I.. j 12 9 -1 y 43)1 T-AZ 2

9 , u' L Cc 9 j ,. v L)A 
1  

9(Lý A L 9 Y L A

29-r 9 , ýL 92  , L 9 L-~v,, 25I~-A

DI.'EzAi)L r, 9 -lFN JL( , Tjc)AJ i,-- 9 1 L7 1 9 JL i-.4

49~~~~'Tv L NAt

7 A' L LA A L AJ1Ay - T 9r.A, Io. ,Tvp M1 N

N'A IN54Z

L -. L F .J(c r1 ,r zljm jr jr-i - in f ."Nc-t L IA' jvN

CC RIL VLiUI ~ 9 \Ck' D1- 0Ck, A 9 !IýT N 35

4~N v:II NUC i 'CIA N j~

C~~~~~~~-.,, AA LICL AIJ9VCc~~~ .

k P A197L)i-Eýz ,ýT--Vý49 9\ NiI -



C CN~r ~ Cu,)i~r ýr ýQJNiIL - CCNVYIý AAjLL < LA~i 'LA m 16ý

C U;PEkTI-ýoL vy~ .I vyN bc.

L N(M '1N Ili ~I~ A A , l m.dlV Y Qt FriL rslI1 rl ..L!LL. 4 ' 0:
C C k...I rý .N z~..j Tri DoujUArm f QF 111L N-in LýA ý-LLL. -1A vy W.

L NRmAA A r,. E A T oQ LN LAkT Y QIr-rm N-fr- LoJ(AL LLLL. 4i AN :;

C C R1i1'4 X(R K ET coi')N LAk Y F I rw. N-rl L,ýAL CELL. WY,~ j 6-

C C R -i TU N Tr-rt L. )-AL CýELL K)-' rit I bri Ii ý ( Tkj c.'.' k7 ?
C DELX t, bA'.t

L L ELA A, C' x. li~AIE ,F ~m'.rx',D TL IRA,,-LAILLo 1i~iT'- L, L - iK Ir4 ý

L CELLLCkI-t -AN~ 7'.Q

C OELY Y CC'-.LIJIATL ~ LL O.LLA .A 1, 71 i

L Tr1E r1 C A r- L L) LS AI :)- Y -E . )~A. Y In .*;T rN 7 :

Lulo )r- Tor-ý r-ltI'.9lT J,4LK ,r-Fz 0
I 'A (, 7 :,

LL1A ,kA T i . or r-r( j )/ MLJ i) .-iT AN 7 t

ri ) rl~ui L)Jr j r-nL J rl ,',Uý - 4I' A I 1 1, 77
cC I,.1 Trri. ... u;' T ~ 11 ~Ll-'.;.OL.rTL L ý l' T r-n1 -1n' i vK,iN 7o

C oYit~ A N\ 7v

C i. TI.H I oL LI ,i

C )S<.)J A -1)..A(- ýk I L! 4i .AK i .4 IL -n .jm C....IMI) 04

CxA Y"IA IC Jt 1:1-1 L - Ic j-' -A '.~i L ( LLO'b D
AX Q ý L) I jjNA C.OU- C.LN jr- ALM LL COOL LJ~' 0c

Z-L LL OrJi- ..kit r- v,, i L v'rr- Lu , L ,r: L..T2' otI

C j. Iy ý'c-)A ;FI- jr-E vvliN'.o .- ýw ~Q.i A 1. 1 4(j lr-n r~--1j!,L I VY4 0

K. A-b) il-'A QrC'-; F-iAI-,\, Oj j .1MTELHA iJI LT y)'
Atn- K ) n-,.xji1CLLc t-- j 'Ii.' ji,~; _III -92.

C 931

C i[ .A N 92.

C , t L ý 0 L)AI- ' ý) I i '.TA 107;ýI

e A oTbA94 N 109

M1fAN loo

(X T vTN 107

Lý T 11 NTWN 1 14
lF()1~,1-dMu MT vN 1.15ý

10 IM~=II>TWN 1 11
77C CAL -4~P&.-,rQRl0T iI 117

C M~T WN 114
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C I . Iri [Ib Zo 1,Iri E DATA rkEýAu'1G ?kuOIE M T N i I
loo = u M T AN 120

C R UH T( K, *y .N i i1

11-3 J=B-l I A N 12 4
.ýýE 'D 1 1,4" o1I fr(J ,'i'J H ,iJ) ,A i 'I N 12 .3
A2 (J ) =A J J*A J 0) "i r N 12'.

(-) TO 77-i4 - 'i' T jiý l o

C1099 C.u'iw1 i EIriE r~TH LQYCML- CELL HE16M1T. A N

IF (DZ-CRum-T (K) ) l10vi0,1 qii T A
11,,, CRUHT(K)=LdZý ~T AN i.5

C 1 L CH-ECK'~ TO SEE THAT Tr-E '-*JN~TA Ii JýSr ýEAL I S A IMI HI T HE L I T Q -JTAN 134
C THE 'KTH LiCAL Wj1N15 3Y,)TcA/. ANij

11 -- IF(XNA(J)-CkfR1INX(K)) i14g11ilg1 I i v*1-
I1I1 I F (X Mi J()-CR,'1AXXC I1 K 112%1129.114 T A.\ 13?7
112 1 F CYNi J -ýfRM I N Y Kf 1149il3gIiiJ, A 14~ 1 j

Ili I F (Y ".1J) C R iA A Yf r, il:)g1159ll4+ ,rwt 1yN i9ý'
C 'Tw N 1'4U
C 114 I ri L i is I~ ) NT A I Iri~ 1 1 rT-HE L I mI T Tr tF I t- KI r L' C AL rI NJ -Yz r)1 ;' 14 1

114 jirkuth- 114 TAT N 142
tiO TJ 7734 T a,% i 4..

C ATA~N 144
C 11 n CHiEC~ r, I Iri AT T ri v , L N i %f I , r.A TI Ii J U )A (J) I D L r rIriA,'4 C.~ o -1A N 14ý

115 D1 = H(J)/4(J) IvTWN 14b
IF (DZ-a .6 a3 .116 i 16 4*f AN j47

Cv T qN 14b
L116 T HE ,'vJJ TA lo KAT Ia. r-i J/A (a ±2 ) a I L- N T HAN4 0 .c b iýAN i4'.j

116 IRRO7 = ilo T vy nO
uO TO 77±24 "h , ý 1i.

C Ir-l T E t ',iu)Ei-, 'F Aý.J~iTA I'. k I-r(-¾< ý,Ej4T Lh. I Ii' Triz: 1 ~ ' ± 4

C 1,)42 CoJO-;PJE uoN )TJ~brLD VECTOR~ iEr-<ri -i Tw ANi5t
C [r(IL kýLLuA,4I ,6 T i- r -: CARL):.) o T i I L I Cr1i. LJLA 11U.'4 C ý [ 1 Ai AI D - I .T AN ±1:
C THE oNPE-RTJRbED wI-No V7CTjý T A N 150

Y Y +CP" /2.0 -ITWN j 5
X X = CA1~AXA K+C'±20'INA('2)/Ž0 '-11~ AN 1
ZZ=CROHT (K) /2. * 'liN 161
CALL. GETWN0( XXYYtZLŽ,oJ'AOqJw)ý 'T AN 162
IF(JWAO)104391044,1U45 ýýTAN ±23ý

1 J4.3 likkoA1043 \1T AN 164
()O To ?77.4 1 T AN 16 -'

1,044 1 RR 61'=i U 4 4 ý11T A N ±26
GO To 7734 i"iTwN 167
TH-E FULLQ",n4r-6 Tr-iAE CAkua (,.QiNýTITUTE Tnt. MAC)"JITubr A1,40 uiRt.CT~uN olT AN 1u

C OF THE uNPERTuRt3EL oINL) VECTOR >1TWN 169
1J45 jO(K,)=oO(RT(VX(JWAD)*VX(J~AA)+VY(JwYA0)*\/Y(.J4ALu)) M T WN 170

SNIK)I=VY (JWADIC/U01K) i-ToN 171
CSCK I=VX (JWAD) /00(K) NCTWN 172
DO 1049 J=19NMT MA1TN 173

1049 A2H(J 1=42 J)*H( 01*001K) M1TWN 174

"'iITE (10T2KMTWN 175
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W IT T1SOJT,4)CR)N,AXY(K) 9CR 41NY(. ,CRAXX A A)(() -- :TAINXT 177

WRITE (lSJUT,5)jO(<.) SN( K ) 9C 6( K 1 *T.N 17

105 RETURN i T 4 17'

C 1 ý;2 THIS5 I b THEý TES)TING AND C uV,,P TI IýG R uiT E tMIi AN ~18
C C-;AýiUTE THE T,ýtQGRAF~ri C I NC,,, a.L"ý I A T -'i ~IN I F T"-I T I[ [L I "N 1

C COiPi E TE P E iT ik 3EB q ) iid 1- 9I' -),1 1 TH .liv AN' j DL T'r- L cT aN 1lo
C TO THE ONPERTUR8ED AI,%L; VECTouk. -)ThN 1.

1J2 A X j. .uNN
AY=U. A 2i <A c
A Z L U T ýv 14 1 b I
02= Z j T AN ,00

D0 1 A6 1I=1 9 NNvT 4 TAN i o .

C T ri .hL L GvI V C T AO C A mL)S T RA !N> LA I Tr-ILr P -4kT I L L , T- i a w.T-K "i. 1 ;
L(ýURDINATE sýYSTEý;. .iT AN 3
DELX=XP(J)-XiV(II V ~T vyN 1

DELYzYP(J)-YA(I) AT;, Ný
C T riL I iU,1 Q TAu k,) -oA Ir L Tn -\ I I L Lr j'Ti N r I I-A, i4

L)SX = ELX Cb(K + O~LLY * hN( K) ItAN I o

.,)'Y =-.,ELA , \(< + ~L)-LY * C.<~).
Y2 DLAY L

A DýA D-ý LA NT NI
R 2 =X 2+ Y 2 T.' N 0

~~~,-P ICK-i [OhI.r-, I I -C < .L - Atj I L Io r~. Ti. l- iO~Fjj 2C i
C AND) AU0 1T TO0, ! mY ~iN A 20

-Z = 02 + A.3" 1 1 4( ) + 1-, p 2 42 I A 40-1O

C 'TQ.N 2,'.14
T '.-~ T o r- ,*T. AT Io. u,4 .1 ,4 ) 1 *C EE NT -i AN z

MiVA ZR-(J)+A(I) IiAN 20c

k + "D t) z j I u L) I A 1 ~
~~~~~ AI-().S/L 'vNA z0

C1051 A (Xt r E 4l T ,Kn -) rA I ý4 Q LAi -, c.LJ ) ,iw' l<L Q04JF 'Ir
i~~~~~~ ~NA LNPtIýT ),Dr L ,

6 AX AXL ,T H(I0 ) * Y A L,- 2- A NUAý N zLIL

c I dr,- riN or ri l JL& ,1 > CI'-'lL'0E ) A)IuN b [U ir-i 'IN

A Y= AY -*S i~ lTw N L2 1I
I J6 AZ= AZ - **AM-A5UA MTWN 217

C1 NT %N, 2io
c NO.'. T E )T F ui,% 1 - PACýT t PpAA k- lL L , TN N e-I y

IF(DZLZP(J))1,1U910qU8 , 'AN, 4,-0

C 1 ý PART ICLE HAc) ImP AC . ý, T WN Z2 I
1 C8 A Z=-I.E + -,) 'T WN 221

A Y= U T ýlN Le44

GO T6 12J5 T 4 L~2 e,

C THLi Pr-iTU~bLL Cot4P0L'.viT 1;-, T-it z,4,Vý,Li"~ 'Iw Iv Ž 27

Jog DFLX = AX+UJU(K) '-iT wN 22b
c i-E hOLLJADI'.Fu Cwýj ,ro uLi~ui4iL Tri-i Al'd.) VLTOi INI, Tri-i AJ.i LL zI

C t'[A(-Ru SYSTc<I". [A 4

A X= DEL A *CD N -A Y NH A I AN I~
A Y=L) tLA-A l:4(K +AY*L&z<IN) Inw Lj4 L Z3

GO TU 105 'i~Tw N /- .i 3ý
235 3
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$IBFTC RG~NN LJ.sTDFCKv'iV4/2 wN
SUBRIJUTINE RG!NDILJqrý,9AX9AY9AZ) RGvvp\ 1

C 11 OCT 66 RGWN 2
C I. \NJMLbEK it T. .,v.QCrlicJor F.Li 'i4/A L vPT ioA RLmr-ozkri 9 'It iRGVN j

C K U ItiN 4~

C TH 1>Di R ý jU I Lt )LM~VL,: TrHL W.,ML PI NP ,L UF A LAIiAJmI ,c iN

C L,)ATA v,r-izi'4 Trloh Qio" Qr Ar,~omtoiT i Iz -i iiw , ) A u I' ji ow Tr-iL K 0V4i

AL)., i /V4' ru-,r Ir-iL Ji i-iPAm r ý<1LL- -,I-IE9( nr ~I mý Fjr( K u A'.A
L tv T ri~ F- 11,1dLY TI A L i < j.r- I -'-,P---T i 1 L~.ýL T IrlL F, K - 1 L. L -I N 0v

A Sbijji,,zL A L~Q ýA; AkL vc.L QC I T Y L EN T. -,wiA 14
(3 w N 1 0

R ~GA N 12
CU''J-< /ST1 kGN 13

T P 9 9A 9 L K G 0

0r 4-~- 9 1-A.~, D ~ A- 9 j 9 ~ 7 , PA d ,~-V •U< i 6

C RoAN 21i
~~ Tr A12 4;-Y(-2 ~N Ž2

J1 1L ' R i ,PN T o .L t L)A Lu 9 oYLL R AN Ž'

Sy L ~ f IX.LL 9 A L) 9 YL.L 9 1 YL,) 9 X(G/L6t

<LP 1 -. f Pj 9, r- f A P , Z

6, 1 ~ L 9 J L lD /, " f v ,) , 3AI' N

7',e /LA 9 .Lu L Y q .. J?1ýA 9 A L)-NY , L.ýji ri 9 , ,A1

9 9 9 r.v4It 9 f~ ') i -' N 0Aj v

JI-hL , oL~) % I~ D y Q .Vfi q

9 N I- j ... 9U N \31AA 9 ~lqrLL q ýi9 , L\'Q..A A *4

4A y s 9 L , 9 ~L'4 9 1I.U A q -I.-- i I~

9 l 9 4;A 9 1)2 I li c 9 /AL w u AU K i- ~l~A A i A N

- I*~4.0 ~ A~ ~ ~ , ' i T4 ) ~ 1.. 4 ) L I. A 4 .ý -~.

-~~~L VU 1-.- w9. A.. i.'A/)pr(~ lAN '+'

i 9.-' ý' A . , r ( .... uA mt.~H ri AC.o I. '+ e

-4VA 9'..' vw-io I 1 1) ') 9.U0 V~~i; 4-ii fo tý.

9 L AqviL Y 7, M U N 49D

Cd TH i r<Gý(b -(oK jAN 51D

R GVVN 49

ikGAN 513
T-IC ~ ~ ~ ~ ~ ~ ~ . GAr vvojr- ýA /-~N- <L.~ GN

C A A VUTU~ ESTROWN :bO

A 2 1 ri 2 A 1 12)9C( 2)v)G(1 )9(6(12 q mG o 2015

AI yN5



C AY ;I No v cC N 'u~i :Ni fCA TIý L AI NU)VL I
MX CA~I~t~ F,~ L)Q' ' MI Li V.Zii'i. 't r

L r, AL _:oA&L I'i.P-R iL if Ui' ri NIrl Q Lu t irNN I L

c Lt~z A I-- s \ T. I QsA c-
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SAMPLE TEST PROBLEM AND PRINTOUT

The sample printout that follows contains essentially all of the information

necessary to reconstruct the inputs that define the atmosphere and wind-field

structure. The output has already been described in detail in Table 13.
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T H E D E P A R T M E N T O F D E F E.N S E F A L L O U T P R E O I1 I U N S Y S T E M

TRANSPORT MODULE

PREPAfl..t ey
TECHNICAL OPERATIONS RESEARCHINC.

_____________________-~ O.LIN&TOt, MAS'.S.

-ttt 4ARV 8 ir ft IUTiDE ih~IEf4!. ~ANO iP.fiftI fM.i6N1i8N5. ~

*~ttIN1T~. 6481OTIOt.S (FR1EHALLI 1gCETIUICATHa. *
FOURTH LARGE SCLE TEST OF THE DELFIC SYSTEM, 15 NUV. 1966, INIT. LUND.

**** CLOUD RISE IDENTIFICATION ****
FOURTH LA9R6---6S&4,-E---T-Es-f-OF Ft ELIFIC SYSTEM,. 15 rNuV. i966. CLOUlD KISE

**** PARTFI-C++ SERT--*P NSIUN IUE?.~iFIGATION ****
FOURTH LARGE SCALE TEST OF THE DELFIC SYSTEMt 15 NOV. 1966, PSE

**** THIS RJN Oz THE TRANSPORT MODULE WAS GIVEN THE FOLLOWING IDENTIFICATION ***S
ORTLAGE SCALE4-4EST OF THE OELFIC SVTEM. 15 NOV. 1966. TI1AR~bIORT

**** OTHER INPUT DATA ****

THE CONTROL VARIABLE ARRAY, ICIJ), HAS BEEN GIVEN THE FOLLOWING VALUES.
I I 1 0 1 0 E0 0 C 0 0 0 0 0

THE TRANSPORT TIME iIMIT IS 869O9 goo

PARTICLE DATA
DEN~SITY OF VALI-OU--P-AR-TIGLES 2600.990 KGIM**3
IPARIN I 0.13000'0+07 O.1OOO0E+07 O.DOD00E-38 0.33729E+03 0

TOPOCRAPHICG DATA
IN TliS RUN WE ASSUME A PLANAR DEPOSITION SURFACE AT ELEVATION 938.L74

THIS WIND FIELD USES TAE FRENCHMAN FLATS AND ROAD a STATIONS. 12/20/66

Preceding page blank
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- - 0.j30OO0E*C4 -~ t~3-4e tt4t+
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-- 0.1000EI40- ). 1,3 10 E-0.0 e
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0 .~ 2 1r)O6f + '0 -. hIOUC&u4 "3i~c ,&

r,. 2 3'ý0 0 E+ C 0. 17,)0 5 E-C 0 C.9,e3l3E+00

0.L?1000E+04 C.177I'E-C. 0.89403E+)00
0. 2 -)0,01+0H'C'.I Ii? y i &E-{,' 4.~JAO
(). 3 10-JOLfC4 C. 17527E-C't 0,.d6372Ef00
C.3j.3)0H0E+4 G142.-0 b lbIt O,

3 - Q+1 C.113291-0'. C.63352t4-00

n. 3 io&,o+0j, k------72,,oE-014 - j 0.2'j',at+oC
C,.CIIIF+4 .11.L..4 (.6CZ10tE4X.

0.4 0)0 + C,4tOr-- --4 o. em. ?S m+ i 6C-
C,.4JJ~E +C4 I/(,ýdLý .177366E+00C

I.,.700UL+ Cý. P. IbJIE-ý4C 40t
1'.49D 0Lt+ .P ,d20t:-j' - i C.72~..7E a0
t.5L000E+O'. 1).I7Ot-4L.7I111E4~)C
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0.!51000E+04 0. L,ýodIL-C ~ .(6:i92E o 0

0.650OOOE+04 0. 0.biO6~k+Q0

0.670*201+0't 0). 1b,ýliE-u' 0-__________
0.b,9000E+04t 0.16109E-04 G.b2?,9E G

0.71000E*04 0.1ý2)039-J'. O.57bl3t:+0O
__ .e,9000Ef04-0.I6I tVE-iL4 ___5__ k 0( -

0.75OCOE-0't 0.15i900E-C4 0.55301E+00
0__ . 7 0770 00 E +04 0 .156 L4C-6 . 0 §4id.koe0Z-
C.7900014-04 0.15739E-04 0.53079L-00

-- 0.8I00CE+Oý t-0. 15658-4 G~~?~Q

0. 83000E+04. 0. 15577E-04 0. 508tb1E+00

0.87000E+04 0.15415E-04 0.48643E+00I

0.91000E+04t 0.15255L-04, 0.4.6455E+00
-0. 93000E+04 - 0. I518+)E-04 0.49448EIJ0

0.95000E+04 0.15105E-04 0.'44442E+00
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APPENDIX A

THEORY OF OROGRAPHIC FLOW WITH APPLICATION
TO TROPOSPHERIC FALLOUT

Introduction

It has been recognized for some time that terrain effects influence the ultimate

distribution of local (less than 160 km from blast area) radioactivity resulting from

a tropospheric nuclear explosion. The vertical lifting of light debris over mountains

can extend the fallout range beyond the usual expectations, while gradual but ex-

tended depressions will shorten it. The need to develop a mathematical model for

flow over variable terrain, which can be rendered compatible with such systems,

arises principally from the lack of sufficient meteorological data at this time to

yield a satisfactory time and space dependent picture of the wind field over short

distances, Although sounding stations at 14-mi intervals are planned in the near

future (Army Integrated Meteorological System), it is questionable whether even

this will be sufficient to account for local variations of the wind field. The model

of variable terrain flow developed in this investigation is conceived for the purpose

of enabling one to predict the wind field in regions where meteorological data are

not usually available.

Our model is based upon a perturbation treatment of the usual hydrodynamic-

thermodynamic equations assuming an adiabatic atmosphere, and is predicated on

the assumption of the existence of a uniform, steady velocity field, Uo, which

would otherwise exist in the absence of the ground disturbance. The relationship

between the change in the wind field 6v(x, y, z) and the curvature of the terrain is

deduced by first deriving the dispersion relationship for the system (which con-

nects the vertical attenuation constant of the velocity field to the periodicity of the

ground structure) and subsequently applying the boundary condition that the surface

wind trajectory be parallel to the terrain. The resulting expressions become

greatly simplified for short wavelengths and when the Coriolis effect is neglected.

However, for most practical cases involving tropospheric fallout, the foregoing

restrictions are not severe since sounding stations are presumed to exist at rea-

sonable distances from each other.

2
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From a theoretical point of view, this investigation is a modified extension o1

the earlier work of Oueney, A. 1, A' 2 but there are differences which render some-

what different results, Although both models utilize peiturbation theory to include

the effects of variable terrain, there is a distinct conceptual difference between

them arising from the choice of the dependent variables. Queney deals with the

displaced trajectories of the streamlines as the fundamental physical quantities of

interest (which seems to introduce extra degrees of complexity into the problem),

while we treat the changes in the velocity field. Our method of attack permits more

refined criteria for establishing the validity of the calculation and leads quite natu-

rally to a generalization to three-dimensional systems, which are more frequently

encountered than the two-dimensional idealizations of Queney. Moreover, we show

that a perturbation theory model for the hydrodynamics does not necessarily imply

the applicability of superposition of ground disturbances, a result which does not

seem to have been recognized earlier. This is a distinct problem. However, we

are able to demonstrate that the superposition hypothesis can serve as the basis of

an iterative scheme for computing the velocity field to an arbitrary degree of accu-

racy consistent with the initial premises of the perturbation method. In certain

two-dimensional cases, there does not appear to be much difference between

Queney's results and ours.

The overall validity of the model is based upon the applicability of the non-

turbulent hydrodynamics equations together with the assumption of an adiabatic at-

mosphere in the unperturbed state. Consequently, the solutions do not yield lee

waves when applied to the assumed small scale disturbances considered in this

investigation. In addition, the results are not generally valid in the lower regions

of the atmosphere where turbulent boundary layer effects may dominate the physical

processes; however, this is not especially important for fallout since uncertainties

attributed, to lower atmosphere effects will be only a few hundred feet.

Soluble mathematical models of airflow in the troposphere must in some mea-

sure be removed from reality because of the enormous complexity of the actual

physical system. Despite this inherent limitation, the nonturbulent models of air-

flow can be useful for fallout calculations if they at least semiquantitatively describe

the salient features of the particular aerodynamics. The utility of such models can

best be evaluated by comparison with suitable experiments.
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Geometric Considerations

For mathematical simplicity the origin is located at a suitable point in the

region where the airflow is to be computed. The x axis is established along the

unperturbed wind direction, the y axis is perpendicular to the x axis, and the z-

axis points in the direction of the zenith. If c denotes the angle between the local

west-east direction and the unperturbed wind velocity, then the components of Q

are given by

9 = Q cos Ecos E, Q = 0 cos 0 sin c, •2 = QSy x z z

where 0 is the latitude, and Q is the sideral day frequency which equals

7.3 x 10-5 sec-1 . For our problems all the components of Q are assumed con-

stant (i. e., the curvature of the earth is neglected).

Theory of Airflow

Airfl aw e er variable terrain can be determined by assuming that the changes

in wind velocity caused by the ground irregularities are a small perturbation on

the wind field. It is postulated that if the ground were flat, the wind velocity, u,

would be constant both in position and time. Orographic effects due to mountains

and valleys then cause the wind field to change in a determined way as computed

from the perturbation theory.

The origin of the coordinate system is established at a suitable point in the

vicinity of the region where the wind field is to be computed. Assuming that for

all times the thermodynamic process which describes the flow of air is isentropic,

the relationship between pressure P and air-mass density p is given by

(P/Pe) = (P/Pe)y = (T/Te)Y/(1-Y) , (A.1)

where P pe' and Te are the pressure, mass density, and temperature at the ori-

gin in the unperturbed case and y = 1.4. These quantities are further related to

each other by the ideal gas law,

e =(PekTe /m) , (A.2)
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where k is the Boltzmann constant (k = 1.38 x 10-16 erg deg- 1), and m is the mass

of the air molecule. The two equations which describe the aerodynamics are the I
continuity equation and the momentum equation:

3p/at + V • (pv) = 0 (A. 3

and 3
dv/dt = 2v x 12- VU) + G (A 4)

where G is the gravity force and is equal to -Gk, and ¢ is a potential obtained by

combining the (1/p)VP term with Eq. (A. 1). I
0 = (Pe /pe)[I-Y/(-Y/-1) ' -)I P(A, 5)

We assume that a steady state exists in which there is only one uniform (spatially I
homogeneous) component of velocity, uo, which, by construction, is parallel to the

x direction. The system of equations then reduces to

=-ul/x, 0 = -2u 02 - a/Oy, 0 = 2u 02 -Sa$/az - G (A..6) Io=-/ao=-2°z o y

The general solution to Eq. (A. 6) is given by 3
¢ = Ay+ Bz + 'or (A,7) 3

which when substituted into the foregoing equations gives

A= z-2u0 B =-G + 2u 02 Q =-G (A 8)-2u o y '3

/or = - 1) Pe /P = Y - 1) (kTe /m) c c /(2 - 1) , (A.9ý g

where cs is the speed of sound and equals 3.4 x 104 cm sec- 1 under STP conditions. I
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A measure of the distances over which changes in zb are important in the equi-

librium case can be determined by examining the ratios d or/jA = yc and

zor / B j = zc, which are respectively the distances over which the independent

changes in 4 equal the value at the origin. We have

29 x 108
c- 2u 0 (A.10)o z

and

29 x 10 8 06
c 980 3x 10 cm 20 mi (A.11)

Using a maximum value ofQ• = Q = 7 3x 10-5 sec-1 andavalue ofu 0 = 4400cm-1 ~zo
sec (corresponding to a 100 mph wind) gives a value of yc ý 4 5 x 109 cm

= 3 x 104 mi which signifies that for local fallout vaiiations in y can be neglected

altogether in the equilibrium case. This will not be true in general in the per-

turbed case.

The initial state of the system is thus specified by the velocity

v = iu (A. 12)

and density

P= Po(Z)W=P( - z/zc)l/(T-1) = Pe(1 - z)1/(• 1) (A.13)

where

SI/zc 1/(3 x 10u) = 0.33 x 1 cm' (A. 14)

If attention is further confined to the troposphere (z < 2 mi 3.0 x 105 cm), the

variation of density with altitude is approximated by

P0 (z) C- Pe f-l &/(y - 1)] z} = Pe(1 -Pz) Pe e-z (A.15)
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where [ is defined as the tropospheric density attenuation constant,

-61-

fl = /(y -1) = mG/ykT e= 2. 5a = 0.83 x 10 -6cm (A.16)

We now assume that the three components of velocity and density become modi-

fied by the terrain. The perturbed quantities are assumed to be related to the un- 3
perturbed ones by the equations !

up = u° + u, V p =V, = W, Pp PO + ?p = o + .(A. 17)

Substituting Eq. (A. 17) into Eqs. (A. 3) and (A.4) and neglecting second order

effects, such as pw and vw, gives under stationary conditions (a/at = 0) 3
Po 5 + a-y + i + Uo_ P + W -Lzpo =0 ,(A. 18)

+u - -a (A18Po (axay +z wa a~z~o

U =2V z -W=y) -o , (A. 19)

0- ax z YU~) ax

o0v = w 2x -y (A. 20)

and

u a0  = 2 (Uy - v - az (A. 21) 3
For mathematical convenience, it is desirable to deal with a function, TI, re-

lated to the initial density p0 by the formula 3
S= P/Po (A. 22)
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In terms of T, 4 is given by

1P= (Po+ P) -¢(Po) : Y ,(/Pe ) Po'1 ?7 (A.23)

00
Using Eq. (A. 13) for po0(z) gives

S= (-kT e/m)(1 - az) ; (A.24)

while the derivatives of 0 are

-ykTe a z) an (A. 25)
ax m 3-x (A25

S- kTe (1 - z) (A. 26)

ay m ay

and

ykT- =- -1) G + e (1 o aZ) 31L (A. 27)
az m az"

The object at this point is to reduce Eqs. (A. 18)-(A. 21) to a system of linear

equations with constant coefficients. This can readily be accomplished by restrict-

ing the calculation to values of z much less than zc so that (1 - oaz) (1 - z/zc) -_ 1.

Also, within this range, lnpo = lnpe - flz, thereby yielding

a-d +Uo- + Ua- J =0 , (A.28)

ax ay 8z 0oax

u (z W y kT (A29)
u 0 ax 2(vz -wy) m ax

ykTa0  2(wQx - z) k- i (A. 30)
° a- - m 2y3
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and

-w- ykTuug -vQ + (y-l)G7- me (A 31)o ax Y x) In- )G az

Equations (A. 28)-(A. 31) relate the perturbed quantities to one another, but the

absolute scale of the perturbations must be obtained from the new boundary con-

ditions. We now assume that each of the perturbed quantities can be expressed by

an expansion of plane waves.

u = A(k)e r d3k, v = B k)eik d3 k

and (A 32)

w = C(k) eid"k, r7 = D(k) ei- -rd3 k

where d3k = dk x (k dk d . Substituting Eq. (A. 32) into Eqs. (A. 28)-(A.31) leads

to the dispersion relationship between the components of the wave vector. Thus,

we have

ikx iky (ik -f) iuk A

ikx 0 z y ( ) B 0 (A ,33)

2Qz ikxu 0 -2 02x ikyG/ 8) C

-2Q y 20 x ikx o0 (1 - )G ikzG/))

The only nontrivial solutions to Eq. (A. 33) occur when the determinant of the matrix

equals zero. This establishes a connection between kx, ky, and k The so-called

dispersion relationship can be interpreted in several ways depending on which com-

ponent(s) of the wave vector k can be preassigned. It is at this point that the per-

tinent physical factors are introduced into the problem. Since the topography can

be resolved into periodic components of x and y, we must necessarily regard kx and

ky as real numbers. The dispersion relationship is then interpreted as

k2 =zkz(kx, ky) (A,34)
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For each set of values (kx, ky) there will be two solutions of Eq. (A. 34) that

correspond to the roots of the equation which results when the determinant of the

matrix Eq. (A. 33) is set equal to zero. Since the number of solutions of Eq. (A. 34)

is finite, we can contract the description of the Fourier components of the field

quantities. For example, w now becomes

00 ik x ik Y ikP{kx,ky~z
w(x,y,z)= C kx,,ky) e e ez xyZ dkkSdky x

=, ,2

where ku stands for the pth root of Eq. (A. 34). Setting the determinant of thez
matrix of Eq. (A. 33) equal to zero leads to the dispersion relationship

ak2 + b(ikz) + c = 0 , (A.35)

where

a=a(ku2 _ 2 (A.36a)

b =a[k 2u2 + 29kxk u w + q2(2ikxWzWx + 2ik W z wy -3w2)]'2

(A. 36b)

and

c 0 ou (k2 _ k 2'> u2k2 + (1 - -)002]

+ Qfl[2kA2i Wu - 'Y u k( 2 y o uxUokxky)]

+ Q2 124k X2u2 - u(kxOwx+ kywy) 2 - w2(1_ -y)u13 2 - pay(ikx xwy + ikyw y wz))

(A. 36c)

in which

w = 2S /AS, wy = 20 /A, w = 2i2 /S, a = (G/fl) (A.37)x x2 y y z z

235

hh.__



I
Since Eq ,A 33, is homogeneous. the absolute magnitudes of the functions

A(k). B(k), C~k,, and D(k) oannot be determined; only their relationship to each 3
other, as deduced from the boundary conditions, can. For mathematical conve-

nience it is desirable to eliminate D(k) and deal only with the Fourier transforms 3
of the velocity components of the wind velocity. Thus, we obtain the equation

h b 
A

bl b12 b13 A1

b b b C(31 32 333

where the bik's are the elements of a matrix b and are given by II
b -ikt+ iuk w = ikyt - iu k 2w b =k - + u3k -

11 x 0ox y 12 y- ox x 13 z UoxI

b 2 •(ikxu t+ikxu2ay, b 2  wz-koa2aw, -- ikwx.u-ikx, ikxub21 =ikx)o22ikx Qc. x J b23 Qy X . , x 0

b31 - 2wt±z + (ikya) QW y b 32 ik u ou 0 (iky2W, x x3 yb33 b-Wux + k k ouu, I• .,' - x y o'

~A39.

in which • (1 -y) G + (ikza) andu= (Gia3). z ) I
The dispersion relationship derived by setting the determinant otb equal to

zero is necessarily the same as that previously derived. Using Eq. tA.381, we

deduce the general relationship between the Fourier transforms of the velocity

components.,

b b -b b
12b33 13b32;

A 31C T kx,k C,, k k ýA 40.
A-- b1 - 1 1l) 3 21/ x 'C .

and 3
13 31 11 33

B bb -Ub CYUk k' C(kx' , xA 41,

12 31 11 32,1 y
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Up to this point the analysis has been quite general, but henceforth we shall

focus attention in the regime where the Coriolis effect is negligible. This is equiv-

alent to setting 0 = 0. The relationships between the physical parameters which

must be satisfied to justify this step for fallout applications is discussed later in

this appendix. Setting 0 = 0 in the dispersion relationship gives

or k 2 + ( ikz) cryo + a k 2 + k2) - u 2 k 2 + (1 - -Y) up 2 = 0 (A. 4 2)z x y 0 x

We now let

x = -ik z (A. 43)

anticipating an exponential decay with altitude. Since a G/p 1. 2 x 10 9 em 2 sec -2 >>u 2

we can neglect u 2 k 2 in Eq. (A. 4 2) and thus obtain0 x

X 2 + Xyp - k 2 _ k 2 + (Y - 1) 9 2 0 (A. 44)x y

The roots of Eq. (A. 44) are given by

-yfl ± (_/0) 2 + 4 k 2 + k2 2 1/2

X = 1 2 (A. 45)

Since we are primarily interested in short range effects, we shall freely make use

of the inequality k 2 + k 2 >> fl 2 (this implies that the wavelength of the horizontal
I x y

variations, 21rfl-1, be less than 50 mi), which yields the following two roots of

Eq. (A. 45)

( k 2 + k 2 1/2 
(A. 46)x Y)

where only the positive root is acceptable on physical grounds since this guarantees

that the perturbations will dampen at high altitudes. Using the plus root of Eq.

(A. 46) in Eqs. (A. 40) and (A. 41) gives 2 2 1/2
, kx/ Y) x Y) (A. 4 7)
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and

U(kx ky) = -ik /k2 +k 2) 12(A. 48)

1/1

From Eqs. (A.46)-(A.48) we deduce the following expressions for the perturbed

velocity components:

+ CO + 00 i(k x+kyy) -(k2+k 1 z

w (x, y, z) = k ek ) e Y dke dky,

(A, 49)

+ r0 +00 -1/2 i(kx k y) k + Zu(xY,yz)=• _¢ -ik) k2+k2) e Ckky) e d ) x dky Y

(A- 50)
and

an 0 +0 0 x (k2 +k2 )+ 1/21/ k +k 
Z )dk

+ + -ik)o+k -1/2e(kx+ kyy)c (kx,ky) dvxvyz)= (-iky k) e d d
-00 -00O

(A 51Ib

The function C(kx, ky) is determined by application of the perturbed boundary

condition. Let

((x,y,z) = 0 = z - f(x,y) (A.52)

be the equation of the earth's surface. The normal to this surface is VO:

af af k(A53

x 5- -(A.53

On physical grounds, we must necessarily demand that the wind velocity be parallel

to the surface z = f(x, y) at every point. Thus, the boundary conditions are mathe-

matically stated as
(V• VO)] 0 (A 54)

along z = f(x,y)
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i where

v = iu+ Iv+ w = iu 0 + (u+ v+ kw) (A.55)

I Inserting Eq. (A. 55) into Eq. (A. 54) gives

w(x,y,z = f) = U x) + u(x,yz = f) + v(x,y,z f) (A.56)

I
Using Eqs. (A.47)-(A. 51) in Eq. (A. 56) yields the following integral equation

for C (k k y):

Si LP -T(k x ,ky) (a - U (kxk)
kk (af) af)]

x y

Ik xi (k2+k)1/2f xy)

I C(kx, ky) eix eyY e /y ] -dkxdky

C ikx dk x

(i F(kx y) e e y dkdk

k k
x y

(A.57)

where

F(k ky) = \2 f(x,y) e x e Y dx dy

and (A. 58)I cc 1ky ix ik y

f(x,y) = F( kxk) e x e dkx dky

The solution for C(kx, ky) is impossible to achieve by direct means because of

the dependence of the integration of the left-hand side of Eq. (A. 57) on f(x, y) and on
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the derivatives of f(x, y). However, a systematic perturbation method for comput-

ing C(k , ky )can be deduced. The approximation to C(kx, k y), achieved by setting
x > 21/2 f (

exp - F1( kv / f(x y)] equal to unity, is equivalent to assuming that the

maximufm elevation, fmax' is small compared to the wavelength of the horizontal

oscillation, or in simpler terms the slope of the terrain is small. On the other

hand, the neglect of u(af/ax) as compared to uo(af/8x) is necessarily consistent

with the initial premise of the perturbation method used in this analysis, namely

that the change in the velocity field be small compared to the initial velocity. This

obviously must apply when comparing u to uo. The neglect of v(af/8y) as compared

to uo(af/ax) is somewhat difficult to justify under all cases. Although v is assumed

small compared to u0 , we must also be sure that (af/ay) is not substantially greater

than (af/ax).

The apriori assumption

oa ýax/\ (A. 59,

is equivalent to neglecting -T(af/8x) - U(8f/ay) as compared to unity in Eq. (A. 57",

The systematic method for computing C(k , k y) is based upon Eq. (A. 59) coupled

with the previously mentioned approximation

exp -k2 + k2) f(x,y)j r" • 1 (A.60')

Introduction of the functions

n
= 1 - (A.61p

n=1

where

S 2 + k 2 f/2 f(x, y) (A. 62,
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and

T =Tk x k ~ +U k33k7a (A. 63)

permits Eq. (A. 57) to be written as

SC(k) eik'r dk = u H(k)eik'r dk + AC(k)eik'rdk. (A.64)

where

(T+ t-1) =A(k,x,y), H(k) =ik F(k), k=kk+ik, dk=dk dk

Multiplying Eq. (A. 64) by exp (-ik'. r), and then integrating over r, gives

C(k') = uoH(k') + A(k, r) C(k kti)' Z dk dr (A. 65)
\\~27) 3 ý ) ~, .(.5k r

The perturbation scheme is developed by regarding the second term on the right-

hand side of Eq. (A. 65) as small. The first approximation to C(k), denoted by

C(hu is deduced by completely disregarding the second term of the right-hand side.
Thus

C(1)(k') = uoH(k") = uo(ik') F(k') (A.66)

Since F(k) is the sum of individual contributions to the topography, we see that the

principle of linear superposition is also reflected in C(1)(k). The second approxi-

mation is obtained by using Eq. (A. 66) for C(k) in the integral expression

C ) = uoH(k') + - A(k r) UH(k) ei(k -k=)'dkdr

k r (A. 67)
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It follows by inspection that the nth approximation to C(k) is given by

c(n)(k1) = UoH(k')+y1-j2 ky) (y-~-kd
(00+ iN2 A(k, r) C(n-1)i(k)e(k-k').r dk dr

kr (A. 68)

with

C( 0 ) = 0

The corresponding Fourier transforms of the perturbed x and y components of

the wind field, A(k) and B(k) respectively, are found from Eqs. (A. 40) and (A. 41)

to the same order of approximation. The ultimate validity of this perturbation

method can be evaluated only posteriorly - by comparing the calculated change in

the magnitude of the wind field with u . Mathematically, the developed theory is

valid so long as

-2 -2 -2 2u + v + w < u 0 (A.69)

The prescription for calculating the wind field due to terrain effects is sum-

marized as follows. Equation (A. 68) is used to compute the Fourier transform of

the vertical wind. The Fourier transform of the change in the horizontal compo-

nents of the wind field is then determined by Eqs. (A. 40) and (A.41). Finally, the

inversion formula is employed to compute u(r), v(r), and w(r).

The value of computing C(k) beyond the first approximation is worthwhile, even

though the hydrodynamics model considers only the first correction to the flow,

because the iteration scheme can more precisely establish the range of validity of

the first approximation to C(k) and the dependence of C(k) on the characteristic

features of the terrain. Most topography is complex and, as such, cannot always

be represented by a simple periodic structure, but rather by a sum of frequencies.

The higher corrections to C(k) take into account the interaction between the Fourier

components of the ground structure and, consequently, must be evaluated to more

firmly establish the validity of the superposition principle implicit in the first

approximation.
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In the next section, we shall apply the first-order theory to compute changes

in the wind field caused by specific orographic effects. However, now we shall

consider a simple two dimension periodic structure to exhibit the method for com-

I puting higher order corrections to C(k).

SLet 1k x
f(x) = he ,0 

(A.70)

from which we have:

F e ik 0x -kx ( ) (A.71)

and

C()(k) iku•0•h6( k - o) iuo(koh) 6(k ko) , (A.•72)

where 6(k) is the Dirac delta function. This yields

x ) ikx -iko0 z
0 ik hue e (A.73)

Since T(kx, ky = 0) = -ik/Ikj, it follows that

ik x -1k oizu(x, z) = +Uo(1koih) e e (A.74)

Within the confines of the first approximation the inequality of Eq. (A. 69) reduces

to

(2)1/2(Ikolh) << 1 , (A. 75)

which basically shows that the slope of the terrain must be less than unity. The

second approximation to C(k) is given by

3 (2)(k)= iu(k0h)6(k'2-k-) + ( ) A(kx)[iu (kh)6(k-k1) ei(k-k1) dk dx

k x (A. 76)
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II
where

A(k,x) = T(k)(--x k I (If)n + T(k) k I f)3

n=1 n=1
(A. 77)

Inserting Eq. (A. 77) into Eq. (A. 76) and performing the integration over k and N
x gives the following expression for C(2)(k'): I

C(2)(kl)= iuo(koh) 6(k' - ko) + iuo koh)2 6( - 2k.) sgn (ko)

CO

- iuo, (loh) •ý (-n ko Ih )n 6[k, -(n + 1) k]
n=1

00I

\ 0~o / ,,O) " n:- hn k
+i k h<2 sgn ,k \ ,' (1 in '1k 0 n 6 k' - (n + 2) k°j

(A, 78)

whe re 3
sgn k I k /k

It is easy to show that the vertical component of velocity corresponding to C2(k')I

is given by 3
w(x,z) = iuo(koh) exp (ikox - Iko0)42 -exp [-Ikoh exp (ikx - IkoI]Z)

+ sgn (ko) iUo(k 0 h) 2 exp [2(ikx - IkoIz] exp -lkolhexp (ikox-Iko')]. 3
(A, 79,

Examination of the second term in Eq. (A. 79) shows that the uncertainties

introduced in the computation of w(x, z) by neglecting higher order terms are of the

order of (koh) 2 for a one-dimensional periodic structure. The degree of 3
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accuracy to which one may choose to compute the velocity field for fallout compu-

tations should be consistent with the uncertainties introduced in other aspects of

the calculation.

Application of the Theory to Specific Geometries

In this section we shall apply the theory to an infinite mountain ridge which

makes an arbitrary angle with respect to the unperturbed flow, and to a mountain.

Within the context of the theory a valley may be considered as an inverted mountain

or mountain ridge. We have chosen these particular models because the terrain

can be mathematically interpreted as a superposition of mountains and mountainI ridges, and hence the general solution of airflow over variable terrain can be deter-

mined by superimposing the solutions for individual mountains, valleys, and ridges.

Mountain Ridge Not Perpendicular to Unperturbed Flow

In this case, the perpendicular to the line depicting the crest of the mountain

makes an angle - with respect to the direction of flow, as shown in Figure A. 1.

I xy

Iy

Direction of
[ ) Unperturbed

Crestline 
Fo

of Mountain

Figure A. 1. Mountain Ridge Not Perpendicular to Flow
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A suitable mathematical representation of a mountain ridge when viewed along I
the y' axis has been deduced by QueneyA. 2 who showed that the topography could

be represented by the equation

z f'(x',y') -= (A. 80)

1 + (x'/a)2

which as observed is independent of y'. However, the transformation equations

x = x' cos y - y' sin-y, y = x' siny + y' cosy (A.81)

show that the topographical description in the x, y system, namely

f(x,y) = f'[x'(x,y), y'(x,y)] , (A.82)

will be a function of both x and y. The Fourier transform of the mountain ridge I

function in our system is

F(kx ky) = () g f(x, y) e x dx dy (A. 83) 3

However, since k - r is invariant under an orthogonal transformation, we have3

F(kx ky)y Fk' ( (T)2 ( x" y') e ktxI -ik 3r dx' dyf , I
(A. 84)

where I
k . k' cosy - k' sin -y, k = k' siny - + k' cos -. (A. 85)

x x y y x y Ii
When Eq. (A. 80) is inserted in Eq. (A. 84) we obtain

2ah6 -1k' IaF' (k' 9k,~ ~ e X 6 (k,) (A. 86)
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Using the inversion formula with C(kx, ky) = ikxu0 F(kx, k y) yields the following

expression for w(x, y, z):

ik x ik -k e<+ k 21/2 z
w(x,y,z) = u° /ikx e x e y F(kxky e dkxdky

(A. 87)

= Uo - e x 'k' , ' e x ydk' dk'
0~ (x 1  x y

Using Eq. (A. 86) permits integration of Eq. (A. 87) and we thus obtain

X/

w(x,y, z) -2u (ah) X cos 3 2 2 (A.88)

where

x' = xcos-y + y sin -y

and (A. 89)

X=z+a

It is also easy to show that the x and y components of the perturbed velocity field

are given by

u(x, y, z) = -u0 (ah) cos2 2 2)/( x,2 + X2)2A.90)

and

v (x,y,z) = -uo(ah)cos-ysin y[(x/2-X2)/(x,2+ X2)2 (A.91)

Since u, v, and w depend only on x', the origin of the system can conveniently be

located anywhere along the crestline
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An assessment of the range of validity of the theory can be rendered by examin-

ing the ratio, r, of the magnitude of the perturbed velocity to u° when the flow is 3
perpendicular to the crestline (i.e., y = 0). In this case we have

(IA/uo) (U2 + u2)1 = r = ah/ x2 + (z + a)2 (A.92)

where the altitude z is defined in the range z > f(x) = h/(1 + (x/a)2 ). For a pre-

assigned value of the half width, a, the requirement that r be much less than unity 3
over all space establishes an upper bound to h which will render the results con-

sistent with the perturbation theory. A good measure of this upper limit can be 3
obtained by evaluating r at the top of the ridge (x 0-., z = h). Thus we have

rt = ah/(h + a) 2 = (h/a)/[11 (h/a) 2] (A,93) U
Examination of the foregoing expression shows that rt is less than unity regardless

of the ratio (h/a). Thus one would conclude that the first-order perturbation theory 3
would work under all cases, even including an infinitely steep mountain ridge. This

obviously cannot be the case. Apparently, higher order corrections as computed

by the iteration scheme are necessary to establish by analytical techniques the range

of validity of the calculation. As we shall show in the next section, however, the

limitations of the first-order theory can also be assessed by graphical means; that I
is, by examination of the computed wind streamlines.

It is interesting to note in passing that when the theory is applied to a valley, U
in which case h is replaced by -Ihi and the ratio, r, is computed at the bottom of

the valley (x = 0, z = -Ihi ), we obtain 3
rb = alhI/(a - fhf)2 , (A.94) t

which clearly shows that the theory is valid only for a small slope, j h; < a. I

3
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A Single Mountain

Investigations have shown that a suitable reprpsentation for a mountain is

z = f(x,y) = 3 3 A (A.95)
a2 +r2) a +3r2)2 2

2 2 2
where h is the maximum elevation of the mountain, r = x + y , and a is its char-

acteristic dropoff rate (when r = a, f = 0.35 h).

Although one can construct several mountain functions which are similar to

f(x, y), this particular function was selected because it ultimately yields analytic

expressions for the perturbed components of the wind field. The Fourier transform

of f x, y) is

+00 +00

F(k x ,ky) -A 2 e 'k r1 / dx dy
(21r) -0 00 (a 2 + r 2)/

A 00 r~' 1/2
F(kwxky) F(k) A/ /2 J rr) 1/2dr (A. 96)

(27rjkl o (a 2 +r 2 )

where

k =(k + k2)

The integral in Eq. (A. 96) is recognized (Ref. A. 3) as the Hankel transform of1/2 a2)2-3/2

r /2(r + a2) , so that F(k) becomes

F(k) = A -ak (A.97)
27rae
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If u is the unperturbed velocity, it follows that the first-order correction to the

vertical component of the wind is given by

w(x, y, z) = ( ik) F(k) e(xy) e- dk dky

I
u 0 A-(a + z)k j (r d

w(x,y,z) = a 8x e• o 0 (kr)kdk

0

-3XAu -3Xa 2hxu
"w(x,y,z) - a x2+ y2+ X2)5/2= (r 2 + X2)5/2 (A.98)

where

X = (z + a)

The changes in the x and y components of velocity are determined from Eqs. I
(A. 50) and (A.51). Thus, we have:

• (ikx)iy i'k x~kyy •

u(x,y,z) = -u k X) F(k) e x ) e dk dk

21ikr cos -kz
u (x,y, Z) = -u 0 S1 F(k) e e d

0 0

u(x,y,z) = U(a 2 h) (A2 -2x2) 99)
(r 2 + • 2 )5/2
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i and

v(x y, z) -u° k F(k) e kyy) e kZ dkx Y

I 27r ± o

v(x, y, Z) -ui F(k) e xe dk dp ooax ay

v (x, y, Z) 3u -~ 52 h (A. 100)
/ 2 2 /

Wind Streamlines and Fallout Particle Streamlines in Two Dimensions

I It is of interest to obtain analytic expressions and pictorial representations for

the trajectories of fallout particles for the purpose of assessing the importance of

the terrain effects. If u and w denote the horizontal and vertical components oftheterai efecs. f p an p

the fallout particle velocity in a two-dimensional system, it is well known that these

I quantities are related to the wind velocity through the equations

u =u 0 u , (A. 101)

I and

w -VF + w , (A.102)

I where V F is the so-called fall velocity. Strictly speaking VF is a function both of

particle size and of altitude (Ref. A. 4), but below 10, 000 ft its variation with z can

be neglected. Figure A. 2 shows the average fall velocity, between 0 and 10, 000 ft,

plotted as a function of particle size for spherical particles with an assumed density

I of 2.5 g cm-3,

The flow lines, or trajectories, of fallout particles can be determined from a

quantity called the stream function, A. 5 (D(x, z), defined by the partial differential

equations

w _- -V 4 -- (x, z) (A.103)
p F (.x
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Figure A. 2. Fall Velocity vs Particle Size

and I
+u =_ U( +

Up 0 u. - (x, z) (A. 104)

On the other hand, the equation for the flow lines is 3
dx _ dz -w dx + u dz 0 (A.105)
Up Wp p p

which when used with Eqs. (A. 103) and (A. 104) gives

a---dx ± -dz = 0 or d' = 0 (A.106)

I
I
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We thus see that the curves for which

(= constant (A. 107)

are the streamlines. In the case of a mountain ridge perpendicular to the unper-

turbed flow it is easy to show that u and w are given by

u = ,(A. 108)

I and

W a x4 (A.109)

where the perturbed wind stream function 4'(x, z) is

I -u (ah)(z + a)
2 2 =(A. 110)

(z + a)2 4 X2

Using Eqs. (A. 108) and (A. 109), and recalling that u and VF are both independent
0

of position, enables us to construct the entire stream function, 4'(x, z). The func-

tion D(x, z), which has as its partial derivates wp and u p, isIp
D = u z + * + VF (A.111)

For computational purposes it is desirable to cast Eq. (A. 111) in dimensionless

I form by dividing both sides by (uoa). The streamlines are then given by the equation

constant = z+rx- 2 -2 (A. 112)I(1±z + ±÷x2

where a = h/a = ratio of height to half width of'mountain ridge,

r = V F/u = ratio of the magnitude of fall velocity to the unperturbed

i wind velocity, uo,

x = (x/a) = horizontal dimension in units of a,

z = (z/a) = vertical position in units of a.

i
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I
In the absence of a mountain ridge, a = 0 and Eq. (A. 112) reduces to I

z = C' - rx , (A. 113)

which is the equation of the straight-line descent of a fallout particle with slope I
-VF/uo. On the other hand, the streamlines deduced from Eq. (A. 112) when r = 0

depict the flow of the wind field over the mountain ridge. The solid lines in Fig-

ures A. 3, A. 4, and A. 5 show the wind streamlines at various initial altitudes for

values of a = 0.25, 0.50, and 0.75. The dashed line on each figure is the moun-

tain ridge function

I
( a/ 1 + (x/a) 2 1 + (x/a) 2

1.8 I 1
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We can readily observe in all cases that the higher altitude streamlines are less

affected by the mountains than the lower ones. This is to be expected. It is also

interesting to note that the wind flow corresponding to the surface streamline actu-

ally hits the mountain ridge in all cases. This is not unexpected in view of the 3
approximate nature of the first-order calculation of the Fourier transform of the

vertical component, C(k), of the wind. It will be recalled that the perturbed bound-

ary conditions were applied exactly (in which we required that the wind velocity be

parallel to the earth's surface). However, in the process of determining the wind

field, an iteration scheme was developed to compute C(k), and the results shown

in this section correspond to the first approximation

C(1)k Uoa) - Jkla

- 2 (ik) e I

The uncertainties in the calculation (as noted earlier) should increase in proportion

to the slope, which in the case of a mountain ridge is typified by the ratio (h/a).

This is especially well borne out by the results which show that the relative differ-

ence, A, between the height of the mountain ridge and the maximum elevation in- I
creases with a corresponding increase in (h/a). We define A by the equation I

(h / a ) - Z Z o m - Z o
A (h/a) x 100 ao x 100 , (A.114) g

where Zom is the maximum elevation of the surface trajectory in units of a. Fig-

ure A. 6(a) shows a plot of A vs (h/a) = a. As observed, the relative difference of I
trajectories increases as (h/a) the average slope of the mountain ridge increases,

thereby reflecting the uncertainties in the calculation attributable to the first-order I
approximation.

The results also show that the first approximation to the wind field underesti- I
mates the airlift due to the mountain ridge. This is perhaps better illustrated by a

comparison of Zom vs a• (see Figure A. 6(b)), which like Figure A. 6(a) shows that I
the discrepancies between the actual maximum "lift" and the ideal lift increase

with a. (Mathematically, this discrepancy is the difference between the 450 ideal 3
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lift line and the actual curve of Zo vs a.) Figure A. 6(b) illustrates the necessity

of executing the iteration scheme for C(k) in order to ensure the proper evaluation

of the wind field. Since this may be a complicated process, however, we can use

the results of Figure A. 6(b) to establish an empirical relationship between calcu-

lated trajectories and the true mountain profile. Thus, suppose we have a mountain

ridge whose maximum elevation, also measured in units of its half width, is 0.48 3
(point A in Figure A. 6(b)). The curve shows that to ensure that the calculated sur-

face trajectory would actually rise to a maximum elevation of 0.48, it is necessary 5
to perform the calculations for an a equal to 0.7 (point B in Figure A. 6(b)).

The curves of the fallout particle trajectories shown in Figures A. 7, A. 8, and 5
A. 9 depict a mountain ridge corresponding to the maximum elevation Zom' although

as in the case for the wind streamlines, the calculations were performed for the

corresponding values of a. Since it is beyond the scope of this report to perform

a parametric analysis of the stream function, we present the results for a fall-to-

wind velocity ratio, VF/uo, equal to 0.1; the curves differ only in the choice of a,

.8 1 1 1 1 1 1 1

.7- �TRAJECTORY NOT INCL. EFFECT OF MOUNTAIN-

z ~VF/UoO= I

I.5-•Q 0.25
0.2=ADJUSTED
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Figure A. 7. Fallout Particle Trajectories (Note vertical
scale is amplified 10 times; dimensions are in units of a,

the half width of the mountain range.)
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or equivalently, Z om All the curves originate at the dimensionless horizontal

displacement, (x/a = -5, sufficiently removed from the center of the mountain I
ridge so that terrain effects would not be felt. Examination of all three curves for

the same initial vertical position of the streamlines shows that increases in the 3
mountain ridge height lead to an enhanced downstream drift of the fallout particles.

For those streamlines, whose unperturbed trajectories pass over the crest of the 3
mountain ridge (e.g., the middle unperturbed trajectory of Figure A. 9), the moun-

tain ridge causes no permanent displacement of the streamlines. We have also con-

structed a digital program to compute the transport times for fallout particles tra-

versing a two-dimensional mountain ridge for arbitrary -y and cV and have applied

the code for the cases - =- 0o 1; a = 0.25, 0.50, and 0,75 (between the limits

-5 < x < 5). The results show no additional time delay due to the effect of the moun-

tain ridge, On the contrary, we found a relative speedup of between 1 to 2%. Ap-

parently, the increase in path length is slightly more than counterbalanced by the

increase in velocity, 3
The fact that the perturbed trajectories which fail to intercept the mountain

ridge always end up on the same unperturbed streamline is a general result, as can 3
be seen by examination of the stream function,

C = z + rx- F +(1+ Z)2 +

The function in brackets is the contribution to the stream function attributable to

the mountain ridge, for either large negative or positive values of x this goes to zero.

The middle set of curves in Figure A. 9 can be used to obtain some estimate of

the enhanced fallout range caused by the mountain ridge for (VF /uo) = 0 1 with

(Zom/a) = 0,5. From Figure A, 2 we see that this would correspond to a 100-pt par-

ticle with u0 = 30 mph, 150-p particle with u = 50 mph, or a 230-p particle with

u = 70 mph, all of which are quite possible situations. If the actual mountain ridge

peak were 1 mi, the intercept of the alluded-to trajectory would hit the horizontal

axis at x = 5 or, x = 10 mi. I
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For heavy fallout particles, terrain effects are less important since the ver-

tical lift decreases. At the other extreme, extremely light fallout particles will

follow the wind streamlines.

Conditions for Neglecting the Coriolis Effect

We shall now examine the coefficients in the dispersion relationship - namely

a, b, and c (see Eqs. (A.35) and (A. 36)) - to determine the conditions on the veloc-

ity and wavelength for which the Coriolis effect can be neglected. Since we are

primarily interested in short range effects, we shall freely make use of the assumed

inequality

(k2 + k2)1/2> = 0.75 x 10-6 m-1, (A.115)x\ y}

which signifies that the wavelength of the horizontal variations in the terrain is less
t thane 21rp, or approximately 50 mi.

The Coriolis effect can be neglected in Eq. (A. 36a) if

5 kx I >>u 0 2 , (A.116)

or equivalently

(2ir) >> Lx (A.117)

where Lx is a representative wavelength in the x direction. The distance (u° /Q)

equals

U
S ( 3 . 8 um)mi , (A. 118)

where um is the wind velocity expressed in miles per hour. This restricts Lx to

less than 24 um mi. We have assumed the inequality of Eq. (A. 117) to hold in our3m
analysis. Equation (A. 117) will not be satisfied when the unperturbed velocity is
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too large or when both a small u0 and large Lx are combined. However, these con-
ditions are not important relevant to fallout considerations. If Lx is large, the dis-

turbance cannot be considered as a local effect; hence, additional meteorological

information will be available, thus precluding the utility of the perturbation methods

considered here. On the other hand if u0 is small, the perturbed wind velocity will

also be small (as is shown in the analysis) and terrain effects will not be important 5
since the motion of the fallout particle will be essentially vertical.

Examination of Eqs. (A. 36b) and (A. 36c) shows that the second and third co-

efficients in the dispersion relationship, b and c, are already expanded in powers

of Q2 and thus are in a suitable form for examining the conditions under which the

Coriolis effect may be neglected. (Neglecting the Coriolis effect is equivalent to I
omitting those terms which are proportional to QŽ and Qi2. ) The ratio of the first-

to-second terms in Eq. (A. 36b) is 3
20k2 L u ufkxu 0 y 0 (A. 119)

201kIIky Iu 0W 4Q2L cos O sin c
2*kxyuox x

where Ly and Lx are characteristic wavelengths for the y and x dimensions respec-

tively. Neglecting minor numerical factors, the condition that the foregoing rela-

tionship be greater than unity is approximately given by

0.5(Ly/Lx ) um > 1 . (A. 120)

For physically interesting wind velocities (e.g., um > 10 mph) the inequality of Eq.

(A. 120) will break down only in unusual cases. Although such occurrences can be 3
treated by the general theory we also assume the inequality of Eq. (A. 120).

Using Eq. (A. 115) together with the assumption kx > ky gives for the ,atio of 3
the first-to-third terms in the expression for b (again neglecting minor numerical

factors) 3
/kxo/a~ _kA = rl
262' (A. 121)
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Using Eq. (A. 118) we find that the requirement that the foregoing expression is

much greater than unity is given by

2
27r (1.8) u >> L (miles) (A. 122)m x

2
The cases for which L > 2 7r (1. 8) u are not relevant to local fallout. If we now

x m
use Eq. (A. 115) but assume ky > k we have in lieu of Eq. (A. 119)

2u2
k 2u 2A.1QilI

x 0 r L r /Lx) L47r ( um] (0.5 L x)um . (A. 123)02 1 ky1 -- r(Ly- 18 L

Since (0. 5 Lyum/L x) is assumed greater than unity, the foregoing expression will

also be greater than unity.
09 2 2 2 adngetn io

Recalling that a = (a/lp) = 1.2 x 10 cm2 sec -2 u, and neglecting minor

numerical factors, gives the following approximate expression for c:

c t- k 2uu2 k+x ky)+ Qfuok2+ 22k 2 (A.124)

By using the previously mentioned inequalities it is easy to show that Q and 92 can

be neglected in the expression for c.

Conclusions

A perturbation type model has been developed to compute the airflow over vari-

able terrain. The theory is based on the assumption of the existence of an unper-

turbed state characterized by an adiabatic atmosphere and a uniform velocity, uo,

which would otherwise exist in the absence of ground variations. When the general

theory is addressed to small scale disturbances, which are of interest in local fall-

out applications, there are no lee waves and we can neglect the Coriolis force. In

this regime the theory has been applied to compute the wind field over a mountain

(valley) and a mountain (valley) ridge. Using the calculated wind streamline for a
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mountain ridge it becomes possible to assess the importance of variable terrain on

the motion of particles typical of those encountered in the nuclear fallout regime.
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APPENDIX B

THE INCORPORATION OF THE SEA BREEZE

IN THE CALCULATION OF FALLOUTN Introduction

3• The effects of the sea breeze will be considered in our calculations of fallout.

It is appreciated that this local circulation phenomenon can have an important

effect on the lighter fallout particles, particularly on a clear day, when the tem-

perature-induced circulating winds are larger than the so-called fall velocity, VF.

The sea breeze is characterized by relatively large changes in the wind direc-

tion over short distances, and, as such, its internal features cannot be satisfac-

torily analyzed with existing installations because of the unavailability of sufficiently

dense meteorological observation points in the vicinity of the coastline. We have

developed, therefore, a suitable sea breeze model which can be applied in a digital

computer program leading to the determination of fallout distribution. As in the

overall DOD fallout model, space is divided into cells, with each compartment

characterized by a distinct wind field. In the general case, the wind parameters

for these cells are deduced (by suitable mathematical techniques) from sounding

stations which are in close proximity to the geometric center of the cell. The con-

struction of the cell's wind field by this method is appropriate throughout most of

space where changes in the wind velocity occur over dimensions which are large

compared to the distance between observation points. The sea breeze and other

local circulation systems such as mountain and valley winds, however, cannot be

treated by this method. Consequently, the geometric region enclosing the sea

breeze is divided into a special cell which is treated separately. The nature of

the problem dictates that analytic mathematical functions be used to generate the

wind field in this cell. These functions, moreover, should be applicable for most

situations.

Review of the Sea-Breeze Theories

The sea breeze is perhaps one of the best examples of an atmospheric process
B. 1

which can be treated analytically with a degree of success. Jeffreys was the

first to treat the problem in an exact way, although his results were not in full
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agreement with observations. As pointed out by Schmidt, B.2the former' s model

led to a solution in which the daily wind variation was in phase with the daily

temperature curve. This was not always consistent with the measured results,

In the Jeffreys model, the only forces that are taken into account are the two due to 3
friction and to the pressure gradient resulting from the unequal heating. HaurwitzB 3

classifies such a model as an equilibrium theory of the sea breeze- a theory which 3
neglects the inertia of the wind and, consequently, the temporal changes of the wind

that are of the order of f0 = 27r/(sidereal day) = 7. 3 x 10-5 sec. In retrospect, the 3
main flaw in Jeffreys treatment was not so much his neglect of the inertia of the

wind (as will be shown later, this can be justified in some cases) but rather his

deletion of the Coriolis terms which account for the veering of the wind in the

course of time. This effect was included in the subsequent papers.

The works of both Schmidt and Haurwitz were less concerned with rendering U
complete theory of the sea breeze than with clarifying the characteristic phenomena

of the land and sea breezes, such as the phase shift between wind and temperature

or the influence of the earth's rotation. These investigations did much to improve

our understanding of the sea breeze, but they cannot be considered as complete in 3
the usual sense. (A more thorough critique of their work is given by Defant, B.4

who also discusses research performed by other investigators.) 3
In analytical treatments of the sea breeze, it is necessary to make simplifying

assumptions in order to obtain mathematically tractable equations. We can cate- 3
gorically say that all the analytical treatments are based upon linearization of the

equations of motion which describe the sea-breeze circulation. The more complete 3
analytical treatments of the sea breeze have been successful in accounting for the

large scale characteristics of the sea-breeze circulation. Notable among this
group are the investigations of DefantB. 4, B. 5 and Haurwitz, B. 6 which form the U
basis of the sea-breeze model used in our fallout computation. (A discussion of

their work is given in the following section of this appendix.) Generally, the 3
terms in the dynamical equations which deal with the horizontal advection of

temperature are omitted, although in the Defant-Haurwitz models, vertical advec- 3
tion of temperature is retained, and the diffusion of heat upward by turbulent I

2(;(;
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processes is included. Despite the approximations resulting from linearization,

Ul the linear models do yield a satisfactory reproduction of the fundamental field of

motion of the sea breeze.

3 The development of high speed numerical methods has made possible a

more refined treatment of the sea breeze which can account for not only horizontal

advection but also the spatial variation of the viscosity and turbulent diffusion con-

stants. PierceB. 7 was perhaps the first who succeeded in integrating by numerical3 methods a set of nonlinear sea breeze equations. The main drawback in Pierce's

model was his introduction of a somewhat artificial mechanism to transfer the heat

absorbed by the earth to the atmosphere. The physical consequences of this are
more fully discussed by Fisher. B. 8 As pointed out by Fisher, the most important

feature of the numerical method lies in the fact that the nonlinear advective terms

in the equations may be retained and thus allow the feedback effect of the wind field

itself on the sea breeze to be studied. Fisher's model is conceptually identical to

the linear model of Haurwitz and may be considered the most definitive work in the

field inasmuch as it includes not only nonlinear horizontal advection but also the

3 spatial variation of the transport parameters. This solution shows the sea breeze

in the stages of development and decay and succeeds in reproducing the gross

3 features of the wind system and many of its small details as well.

The main drawback in applying Fisher's model to the fallout problem is its

3 sheer complexity, particularly in view of the fact that, as pointed out by Fisher

himself, its principal contribution is its ability to describe the fine structure in the

sea-breeze development. Although we can justify the incorporation of the sea breeze

in fallout models, we are hard-pressed to justify the inclusion of its subleties.

Other effects such as the irregularity of the coastline, the presence of a prevailing

wind, and uncertainties in the transport coefficients would completely overshadow

any improvement attributed to incorporation of the sea-breeze fine structure.

(Recently, an attempt was made by Travelers Insurance Research LaboratoryB

to employ Fisher's observed data for calculation of fallout in a sea breeze In view

3 of the extensive amount of "function-fitting" employed, it becomes difficult to

appraise their model.)

2
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Sea-Breeze Model

Wind-Field Parameters

In this section, we shall present the expressions for the components of the wind

field that are used in our sea breeze calculations and are identical to those deduced

by Defant. B. 5 The derivation of our final results, however, closely resembles

Haurwitz's treatment of the sea-breeze circulation because it shows more clearly

the assumptions which are made concerning the pressure variation.

Defant's approach to the sea-breeze problem is based on Lord Rayleigh's con-

vection theory. The dynamics of Defant's model are governed by the continuity

equation, the three equations of motion, the equation of state, and the heat-diffusion

equation. By neglecting variations in density except in so far as they modify the

action of gravity, it becomes possible to construct a stream function which is used

to describe the motion in the plane perpendicular to the coast. The mathematical

equations are based on the assumption of an infinitely long coastline which we desig-

nate as the y axis. Variations of the meteorological equations in this direction are

ignored. The x axis is perpendicular to the coast, and positive inland, while the

z axis denotes the vertical. The equations which describe the system are:

8u +8wDU 4--f= 0 (B. 1)

pu ux o'u (B. 2)
8u + u + w 1fv .(B. 2)57F ý7 z - ax '

8-'t-+ U -xx+ Wz+ fu=-(rv ,(B,3)

aT -+U-x + W = p - g- (rw (B-4)

p = p RT. (B. ) 3)
and

aT - T + -T K ,(B.6)

at87 z O2I
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where u, v, and w are the velocity components along the x, y, and z axes, respec-

tively; p denotes the pressure; T is the temperature; p is the mass density; g is

the gravitational constant; K is the thermal diffusion constant; and R is the gas

constant. The quantity f = 2 sin 4) is the Coriolis parameter, while the effect of

friction is taken in account through the Guldberg-Mohn friction parameter, a. To

3 be sure, this is the simplest way to incorporate the effect of viscosity into the

theory. (Haurwitz offers an alternative approach to turbulent dissipation but, as3 we shall discuss later, this has its own drawbacks.) With the exception of Eq. (B. 1)

(the continuity equation derived by setting (dp/dt) = 0, see Ref. B. 8) all the others

are nonlinear in the sense that there are terms which involve multiplication of the

dependent meteorological variables Application of the following boundary conditions

3 suffices to determine the problem in all cases:

w(z =0) = 0

Sw(z -)= 0 , (B. 7)

T(z0)=T 0 + T(x, t)

The function T(x, t) is the surface temperature differential, which is defined as the
difference between the actual temperature above the water or land, and a suitable

reference temperature, To, which we take to be the temperature along the coastline.

In the theory of the sea breeze T(x, t) performs the role of the "driving-force" in

that it, alone, is responsible for the circulation

Before proceeding with our discussion of the solution of the sea-breeze equa-

tions, it is appropriate to review a variation of the sea-breeze model as rendered

by Haurwitz. The difference between Haurwitz's model and Defant's lies in the

method of treating turbulent friction, Instead of using the Guldberg-Mohn friction

3 parameter, ,7, to describe turbulent dissipation, Haurwitz employs kinematic vis-

cosity. Thus, in lieu of the terms, -au and -arv, which appear in our Eqs. (B. 2)
2 2 2 2

and (B. 3), his corresponding friction terms are Ka u/az and Ka v/az , where the

kinematic viscosity K is assumed to be independent of position. Haurwitz also

3 neglects the viscous effects on the vertical wind component; we do not. When
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viscosity is introduced by the expressions KO u1 )z and Ka v/az , which are then

used with the boundary conditions u(z 0) =jv(z = 0)=0, we arrive at a sea-breeze

model in which a boundary layer (in the sense of Schlicting and Prandtl) is built in-

to the theory. In such a situation, the horizontal components of velocity increase 3
with altitude from a minimum value of zero at the land and water surface. Accord-

ing to Haurwitz's model, the distance over which this buildup occurs is of the order 3
of the characteristic height of the sea breeze. This seems to be somewhat incon-

sistent with the everyday experiences at the ocean front where strong horizontal 3
winds are evident a few feet from the ground. Strictly speaking, when boundary

layer theory is used, the temperature of the moving fluid at the boundary is the 3
same as the surface temperature Thus, if the theory of the boundary layer were

rigorously applied on a clear sunny day in the summertime, we would necessarily

have to use a land temperature ot about 900 - 100°F and a water temperature be-

tween 600 - 70 F. This corresponds to a temperature differential of about 20°C,

which would produce wind velocities greater than those measured. In addition, 3
according to the usual boundary layer theory this is also the surface air tempera-

ture differential. Again, this is inconsistent with observations. Haurwitz's treat- 3
ment of friction thus seems to lead to inconsistencies, at least in the lower regions

of the sea breeze. It is also more complicated since it introduces a much more 3
cumbersome expression for the vertical attenuation constant. Consequently, the

fundamental equations which describe our system are based on the Defant sea

breeze model.

Equations (B. 1) - (B. 6) can be simplilied by introducing two new variables, the

stream function ¢ and the vorticity rl, which are related to the x and z component of

the velocity by O

i)4  d
U . .. .. (B. 8)O~z o~x

Oj . O'- V (B. 9)
7Z O 3
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3 By operating on Eq. (B. 2) with (8/az) and on Eq. (B. 4) with (a/ax), and then

subtracting the resulting second expression from the resulting first expression,

3 gives us the following equation for T):

•-•t + u-•+ w -az v-fLV -- L 2- 2 _ýAz (B.10

at \' ax+ 8z) a P2O 3x ax az)- .B1O

3 The first term on the right-hand side is what Haurwitz calls the solenoid term, S,

which can be simplified by use of the ideal gas law p pRT.

a 2 -x ax az - x ( 3z az ax ) 1

Since the first part of S is much larger than the second (see Ref. B. 6), we have

s R T T(B.12)I .
As is usual in dynamic meteorology, we now replace (l/T) (aT/ax) in Eq. (B. 12)

by (1/0) (R/ax), where 0 is the so-called potential temperature. In Eq. (3.6) we

replace T by 0 ; thus,

aT ax + az 2 (z2

Note in Eqs. (B. 6) and (B. 13) that only the vertical heat conduction has been taken

* into account since the vertical temperature gradient is generally much larger than

the horizontal gradient.

3 At this point, the system of equations is linearized. That is, the meteoro-

logical variables are assumed to consist of an unperturbed part, that contribution3 which exists in the absence of the temperature differential T(x, t); and a smaller

perturbed part, attributed to the driving force. Since in the system we consider,

all the initial velocities equal to zero, u, v, and w are themselves the perturbed

velocities. For the potential temperature we write
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"0 = 0 0(z) + 0 (x, z' t) (B0. 14)

where 0 and 0 are the perturbed and unperturbed parts, respectively. We then

arrive at a set of linearized equations:

a ( 2 ) f V _v __80 + o V2(B 15(2 av g0 257-- ' -e'= 8-~-+ 4b, (3.15)

v _ f _ av 3(B.16)at az

and

&0 + K (B. 17)at x az2

where

ao
0

az

Specifically, the convection terms such as u(ou/ax), u(tw/ax), and w(au/az)

have been neglected in the derivation of Eqs. (B. 15) - (B. 17). The justification for

this can be examined by a comparison of their importance with the corresponding

friction term. For example, let us compare the anticipated numerical value of

the convection operator D = u(a/8x) + w (8/az) with a-, the Guldberg-Mohn param-u

eter in Eq. (B. 2). Roughly speaking, Du can be assigned a value approximately

equal to:

u Lx L (3.18)x z

where u and w are suitable average values of the respective velocity components,

and L and L are characteristic dimensions of the horizontal and vertical extent
x z

of the sea breeze. Lx is a given quantity in that it is known a priori, while Lz is

determined from the theory. The landward range of the sea breeze is estimated

by many observers to lie between 15 - 50 km in the temperate zones, while in the
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tropical regions it can extendfrom 50 - 65 km and even as high as 124 - 145 kmU ~ B.4
in the interior. Representative values for different locations are included in

3 Table B. 1. The vertical extent of the sea breeze, L , varies with location, but it

TABLE B.I

ITYPICAL SEA BREEZE VALUES

3RangeFm Location-

16-32 New England

15 i Flemish Coast

1 20-30 Baltic Sea

1 30-40 Holland

40-50 Sweden

3 up to 50 Jutland

40 Albania

I >50 Northern Coast of Java

3 is substantially smaller than the horizontal dimension. Its altitude varies from

150 m over medium-sized lakes to 200 - 500 m over large lakes and the coastal

3 regions and rises to more than 1000 m in warm climates. It is also a character-

istic feature of the sea breeze that the horizontal velocity greatly exceeds the

vertical component. Under a set of conditions which gave results consistent with

observation, Defant found an average horizontal velocity component of u - 2 m see 1

for every centigrade degree of temperature difference as opposed to a correspond-
-1 -o -I

ing value of w = 2 cm sec C° . If these results are used in Eq (B. 18) with

L - 20 kin, L ý 500 m, and a maximum temperature differential of 5oC is|x z
assumed, we obtain the following value of Du

D 10 0. 1 7x10-4 se (B. 19)3u 20 x 103  .500
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Unfortunately, this is greater than a realistically high value of a = 2. 5 x 10-4. so R

that we cannot unequivocally disregard the nonlinear terms based upon the rough

estimate of Du. It is possible that phase differences between the constituents of 3
the operator Du (u, a/ax, w, 8/az) can lead to cancellations, thereby precluding the

use of a meaningful average. Despite this seeming contradiction, the remarkable

feature of Defant's model is that it works. Apparently, the nonlinear terms do not

significantly alter the main features of the sea breeze.

Within the altitude range for which the sea breeze is important, the potential

temperature 0° can be considered constant in Eq. (B, 15), and its derivative at0g
equilibrium, r, a constant in Eq. (B. 17). This procedure renders Eqs. (B. 15) -

(B. 17) linear with constant coefficients, and thus amenable to a solution by separation

of variables, 3
The solution of Eqs. (B. 15) - (B. 17) is achieved by first assuming that x varia-

tion of the variables is given by 3
0 = A(z, t) sin Xx _= - cos (B. 20) 3
0 = B(z, t) cos Xx (B, 21)

v = C(z, t) cos Xx = Wax xsin XxB (B. 22)

Since the surface temperature differential can in general be represented by a

Fourier series in multiples of the sidereal day frequency 2l, it follows from the

principle of linear superposition that A, B, and C will be given by

00

A(z, t) = An(Z) e (B. 23)

n=1

B(zt) B0 Bn (Z) (B. 24)

and
00

C(z,,t) C cn(z)en (B3, 25)3

n=l
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3 Combining Eqs. (B. 20) - (B. 25), inserting them into Eqs. (B. 15) - (B. 17), and

equating equal powers of exp (in 62t) gives the following coupled equations for An,

3 Bn, and Cn:

Or+ infŽ)(B- X2B) fC aA , (13.26)
-- nn n

3 and (a + inQ) C.=-fBn , (B. 27)

inS2 An XrB - KA", (B..28)

i3 where
S•=g/O0°

For computational purposes it is more convenient to deal with functions W (z)in n

i defined by the equation

W =-XB (B. 29)3 n n'

in terms of which the velocity components are given by

w(x, z, t) = sin xx W(z)ein~t (B. 30)

n=1

00

u(x, z, t) = X 1 cos Xx Wn(z) eint (B. )
n=1I and

00

3~ v(x, z't) =~(f%) n(Z)ein~2t ,(B. 32)

3 where

w eqn = g + in7 
(B . 33)
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Eliminating Eq. (B. 27) and using (B. 29) gives 3
W" =a W -b A (B. 34)

and

A"l=C W + d An (B. 35) 3
where

2 3
n (q2 f2)' n (KI

(B. 36)

b qn X2 inQ
n 2+ f2

n

If we now let

An(z) =An en (B. 37a)

and I
W (z) = W e (B. 37b)

n n

where A and W are the values at the surface, and substitute Eq. (B. 37) into Eqs.
n n

(B. 34) and (B. 35), we derive the following matrix equation which must be satisfied

in order to obtain a nontrivial solution:

b "n - I
n \ \- - )= 0 , (B. 3 8)

,, w I
n n n W n/

where 3
2

= n (B. 39)
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The only nontrivial solutions to Eq. (B. 38) are those for which the determinant van-

ishes. This gives the two "allowed" values for pn

_ (an+ dn) + (an+ dn) 2 
- 4 (andn+ nbn) 1/2 .en1

#ni 2 ny= Enle ,

(B. 40)

(an+ dn) - (an+ dn) 2 - 4 (andn+ cnbn) 1/2 I~n2

/An2 2 En 2 e

I The roots of the dispersion relationship correspond to four values of an which are

given by

a •n=+nl e +) n1 [jcos (Tnl) + isin(rnl) ' (B741a)

I and

E1/2 e 'Yn2/2 = i sin (B. 41b)an+ n2 e n2 [coS (0n2) + isn(On2)

whe re

nn In2 /n2/ U = E1/2 = 1/2
7Inn = iYnl/2'62 = Tn2/2, Un1 n1 ' Un2 n2 (B.41c)

Of the four possible roots for a n only two are acceptable -. one from Eq. (B. 41a)

and one from Eq. (B. 41b). The criterion for selecting the roots is that the real

parts of an must be negative so as to insure exponential damping of the sea breeze.

We define the two roots for a by the equations

• nl /Zn E Uni cos ('nl) + i sin ('nl)] kni + i ~ni (B. 42a)

I and

an f 1/2~L En U 2  co(n)+ i sin k 2+ U n2 ' (B. 42b)

I
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where I

El =+ 1 if cos( ]nl)< 0 , 3
Enl =- 1 if cos SnO\ > 0

(B. 43)

cn2=+ 1 ifCos (7n 2 ) < 0 ,

E n2 =- 1 if cos (7)n2 > 0

In terms of the an the solution to the problem is given by

00 ( V n i Z + n2 inIt

0 =sin Xx ý'nl e + ein 4, l 1  nA2  *e (B, 44)

nA ar n1Z r an2 Ae°nZ)einS~t

w=sin x rl"n e + r e, (&° 45)

1 ] nl n1 lZ - n2 ninS t 3
n=1

00

u =X 1 cos Xx I 1n rn1 A 1 e n1+ a n2 r n2 e e (B. 46)

n=1

00 aI
-1 n1 ~n- 1 n--

v=- cosxz gn nl 'n e +c rA e e (B 47)
n=1 .

I
I
I
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where

gn (f/qn) ' (B. 48)

and

rnl =- bn/(tnl- a n), r n2 =- bn/Pn2- an) (B. 49)

Up to this point the analysis has been carried out in complex arithmetic. The

actual physical meteorological quantities are obtained by first determining An1 and

"An2 from the boundary conditions, and then taking the real parts of Eqs. (B. 44) -

(B. 47).

Boundary Conditions

In the theoryof the sea breeze it is assumed that the shape of the temperature

differential at the surface is given by

O(x, z=O, t) = sin Xx T(t)

where T(t) is a function of time. A positive value of T(t) corresponds to the surface

temperature profile shown in Figure B. 1, in which the land temperature

0(x. z=0.t) 1/2 X

T (t)_1
:'a Land

1/21,

Figirro R. 1. Surface Temperature Variation
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is higher than the temperature over the water. T(t) is expressible as a Fourier

series in multiples of the sidereal day frequency, 2,

T(t) = Tn e in , (B. 50)
n=l

where

-I(27r/0Ž) int127r/S2 27r/Q2

"Tn = S (27r) T(t) e dt= a (2)1r) T(t)cos(ngt) dt+ i T(t)sin(nS2t) dt,

L(B.51)

T * n'
Te

n n

",n is the magnitude of Tn and Tn is its phase as computed from Eq. (B. 51). On the

other hand, from Eq. (B. 44) we must have

Tn = A n +A n2 (B. 52) i

The additional equation which is necessary to determine A nl and A n2 is deter-

mined from the requirement that w = 0 at z = 0 for each vibrational mode. Thus,

rnl A n1 + rn 2 A n2 = 0 (B. 53) 1
Solving for A n1 and A n2 from Eqs. (B. 52) and (B. 53), inserting the results into i

Eqs. (B. 44) - (B. 47), and then taking the real parts of the latter equdtions will

give us the expressions for the physical meteorological quantities. First, however, 3
it is convenient to define the following quantities in polar form.

nl [rn2/( r -rn2) T S en T =S T e •n +

n 1 nn 

• in2 * 2 + T(n)
A = [rnI/(rnl-rn2)] T =Sn2e T =S n2T e

0n n n
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imn
r ni Mnl e n

M im n2

n2 n2

gn e n

where

Sn f/( 2 + (nQ2)
2 )

and

V tan-I (nR/o)

We then have

00

0 = n 0 (B. 54)

n=l

00

w = Iw (B. 55)

00n=1
u = I un (B. 56)

n=l

00

v = I vn (B. 57)

n=l
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where

r 0 =sinXxTn Sn e kScos(nf2t+ n Z+Sn T

nkn2 I nl 2t ý2Z+ Shy" n)• (,

+ Sen 2 z cos /n2t+ 2 Z+s + T\I (1,58)

w = sinXxT TS M eknl z cos (nP t+eiz+S n+ m+ r

+ Sn 2 Mn 2 eI"n2z cos (n2t+ )n 2 z+ sn2+ mn2 + Tn)] (B. 59)

I
X- Icos XxT* ~E S M 1 U e k l cos (flt+ ~nZ i+ 1  +T+-
Un•-cox nl •nl nl nnle co'•t nlZ+ Snl+ mnl+ T'nl+ n)

+ n2 Sn2 Mn 2 Un 2 e CcoS(nSflt+ jn 2 z+ Sn2 + m 2 + 7n2 + n (B, 60)

* iknZ )I
n=x cosXx T G oEU nit nZ n mnl1Uek+ vnz

n l n nl nl nlnl co Snt nlz sn+ nl+ T 'n+ n

+En 2 Sn 2 Mn 2 Un 2 e k2zcos(nŽt+ n2 Z+ Sn n2m 2  + T n+ vn) B.61)

In addition, the stream function ' - B(z, t) cos Xx is given by

00I

cos ,x T SnlMnl e cos (ngt+ znlZ+Snl+ mnl+ rn)

n=l

+S 2 M 2 ekn2z cos ýQt+ 'n2Z+ sn 2 +mn 2 +T n) (B 62) i

I
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APPENDIX C

TOPOGRAPHIC DATA INPUT PROGRAMS TOPIN AND DATERR

Introduction

The piecewise-planar topographic description system provided for use dur-

ing particle transport (see p. 37, Figure 14, and p.131 ff) requires Lha!. topo-

graphic data be prepared and stored in a specific manner on magnetic tape prior

to Transport Module execution During transport, subroutines RDTOPO and

HEIGHT serve to provide the transport program with the appropriate topographic

data when it is needed Two other programs TOPIN and DATERR, have been

written to aid the researcher in the preparation of topographic data tapes for

DELFIC Working together, these two programs accept the user-prepared topo-

graphic description data from cards perform many checks of data structure

and consistency, and then. if the data set is adequate, prepare the input tape to

be used by the Transport Module.

Description of Card Inputs

To explain the use of programs TOPIN and DATERR, we present in Table

C 1 a description of the card inputs to TOPIN and DATERR (A suggested pro-

cedure for encoding actual topographic data and descriptions of the operation of

both TOPIN and DATERR along with flow charts and program listings are included

in the sections that follow

peceinpag blank 
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TABLE C. 1

CARD INPUTS TO TOPIN AND DATERR

Card Cn1 Variable Names
Number Content and Format

1 Limiting coordinates of the area to be covered TXLL, TXLU,
by this topographic data tape: lower X, upper X, TYLL, TYLU
lower Y, upper Y (m) (4E 13. 6)

2 Topography identification card (TOPID(J)J=I, 12)
(12A6)

3 Control integer to indicate which data checking ISUBR
program is to be used. 0 indicates DATERR, (12)
other values are unassigned

4 Print control integer. 0 causes all inputs to IPRNT
be printed. 1 suppresses printing. (12)

5 Grid interval and limiting coordinates for the GRINT, BXLL,
first block of topo data (m) BXLU, BYLL, i

BYLU
(5 E13. 6)5

6 Number of grid squares in the X direction and in II, JJ
the Y direction, respectively, in the regular (2112)
data array S(I, J) 3

7 Regular grid data and address array of the ((S(1, J), I=1l II),
current data block J=1,'Jj)

(5 E13. 6)3

8 Subsidiary data and address array of the current SUBSID(K) to
data block to be read five entires per card. The end SUBSID(K+ 5)
of this data set is marked by a blank entry. (5E 13. 6)

9 Same as card set 5 but for the second data block

10 Same as card set 6 but for the second data block

11 Same as card 7 but for the second block

I
12 Same as card 8 but for the second data block H

Last
Card blank _ _ _ _ _ _
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A Recommended Procedure for the Encoding of Topographic Data

The piecewise-planar description system was designed to allow the user to

provide when necessary a detailed topo description for DELFIC transport. In his

initial planning for describing a topo surface the user must first settle upon the

limiting coordinates of the area he wishes to describe, If this rectangular area is

large in relation to the desired degree of detail within it, the user may wish to

break the area up into a number of subareas. It is recommended that the number

of subareas be kept as small as possible, preferably one, since program running

time increases with the number of subarea blocks. The procedure for encoding the

data of an individual block begins with the determination of the limiting coordinates

of the topo subarea corresponding to the forthcoming data block. Like the complete

topographic area, all subareas are rectangular with sides arranged north-south

and east-west so that only four coordinates are required to define and locate the sub-

area. In addition a grid interval must be specified. This interval should be arranged

so that the two-dimensional array S(I, J) is used extensively because the program

running time is not adversely affected by having many entries in S(I, J).

Further subdivision of the grid squares represented in S(I, J) will add to program

execution time and thus should be used only when necessary to achieve the desired

degree of topo detail. Of course, the data set for further subdivisions of S(I, J) is

restricted by the dimensioned size of array SUBSID(K).

The procedure recommended for actually encoding the topo data for arrays

S(I, J) and SUBSID(K) is as follows:

1. Secure topo sheet(s) for the area to be encoded.

2. On the topo sheet(s) drawthe limits of the subarea and the grid

lines to subdivide the subarea. Note that in drawing these grid

niles, the user should start in the south-west corner and work

toward the north-east. For a prescribed grid interval the

last row and column represented on the topo sheet may, and

can, extend somewhat beyond the northern and eastern limits

of the subarea. An automatic compensation is made by the

prog-rm to adjust the area boundaries.
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3 Next. the user should consider each grid square in turn to

determine whether or not further subdivision is desired. I
Squares not to be subdivided simply have their elevation

entered in the appropriately indexed elements which. inci- 3
dentally, are read by the program row by row (west to east)

from south to north. Whenever the user encounters a grid 3
square that he wishes to subdivide, an address (index K) of

the first of a group of four entries in the array SUBSID(K) 3
must be entered into S(I, J) preceded by a minus sign. The

array SUBSID(K) may be blocked off into sets of four before

starting this encoding procedure; if these sets are filled

in sequence from the top, no difficulty will arise.

It is recommended that the researcher draw subdividing lines I
on the topo sheet whenever a grid square is subdivided. Grid

squares are always subdivided into four equal-sized squares. 3
It is recommended that the user proceed in a regular manner

left to right within rows and bottom to top by rows until the I
basic two-dimensional grid has been passed over once. The

sequence of blocks-of-four in SUBSID(K) will then be esta-

blished as identical to the established sequence of addresses

written into S(I, J). 5
4. Next, the user should return to the first grid square which

was marked to be subdivided and assign either heights or 5
further addresses to its four subdivisions. The sequence in

which the four subdivisions are to be treated is established

by convention as indicated by the following diagram:

2 31-

1 4
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Note that the sequence is clockwise from the south-west corner

This sequence is used by subroutine HEIGHT in retrieving height

data and must be observed by the user

It is recommended that the user adopt the procedure of passing

across the complete map subarea at the level of first sub-

divisions of grid squares before further subdividing the sub-

divisions In this way he will be able to maintain the required

sequences without conscious effort to explicitly relate entries

in SUBSID(K) to particular subdivision areas on the map

Operation of Programs TOPIN and DATERR

TOPIN

After initializing itself and rewinding two tapes TOPIN begins by reading a

card containing the limiting coordinates of the complete area for which the topo-

graphic heights are to be recorded. This area must always be rectangular in

form with its sides aligned in east-west, north-south directions so that four

coordinates suffice to define it Next, TOPIN reads an integer (ISUBR) vrhich

indicates the user's selection of a data checking program (Currently only one

data checking program, DATERR, exists ) Next another integer. IPRINT, is

read to indicate whether or not the program should print a full copy of its results.

If IPRINT is zero, iLsults will be printed

Next, the program branches on the value of ISUBR to a data reading and check-

ing program Currently DATE"R is the only one available so that DATERR is

called at this point DATERR reads and checks topographic data for one topographic

data block each time it is called DATERR returns with parameter GRINT =. 0

when it is entered after all topographic data have been processed

Upon return from DATERR or any other data reading and checking program

TOPIN checks parameter GRINT for the termination condition (GRINT = 0 0) If

termination is indicated, a transfer is made to statement number 11 (see the pro-

gram listing) for final processing; if otherwise, parameter ITAPE is tested to see

if a valid topo tape is still possible (ITAPE 0) or if only a check of the remaining

input deck can be made (ITAPE ?- 0) It ITAiPt, equals zero, a block count and the
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arrays Sd. J) and SUBSID(K) are put temporarily onto tape ITEMPO and a return

is made to statement 81 which is just before the calls to the data checking programs. i
If ITAPE does not equal zero, the writing out of the processed data records is

skipped. Eventually the condition, GRINT = 0. 0 will be encountered and processing

will continue at statement 13. At 13 the parameter ITAPE is checked again and if

errors have already been discovered in the data set, a comment is made to that

effect and TOPIN stops. Otherwise, parameter ICHECK is set to 1 and DATERR

is entered to carry out certain other tests on the data set as a whole. If errors are i

found, ITAPE is set positive so that when DATERR returns, a test of ITAPE can

lead to either an error comment (if ITAPE A 0) or the writing of the topography tape

in final form (if ITAPE = 0) and then a final stop.

DATERR3

As indicated earlier this program has two different modes of operation. In the

first (called when ICHECK = 0) it reads and checks a block of topographic data, and I
in the second (ICHECK J 0) it performs tests on the complete topo table of contents

and prepares the topo tape (IHTOPO) in its final form. The read-and-check mode

begins at statement 16 by reading a card containing a grid interval and the limiting

coordinates pertaining to the rectangular area that is to be documented in the current

data block. A zero value of GRINT indicates that the last actual data block has

already been processed and, therefore, if GRINT = 0.0, a return is made immediately;

if not, the block counter IBLOCK is incremented and the data arrays S(I, J) and

SUBSID(K) are read. Then, at statement 22 data checking begins. Between 22 and

40 the code ascertains that the addresses imbedded with S and SUBSID are indeed 3
reasonable and matched by appropriate values or further addresses.

Next, after 40. the highest topo height is found and recorded in the topo table 3
of contents along with lower coordinate limits, grid interval, and maximum array

indices of the current data block. 3
Successive tests are carried out as follows: (1) to ascertain that the number

of entries in the subsidiary table is four times the total number of addresses in

S(1, J) and SUBSID(K), (2) to ascertain that all height entries may be logically

reached, (3) to check that the total area to be covered by the topo tape is not
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greater than the sum of the subareas covered by the individual data blocks, (4) to

seek out any cases in whi:,h one subarea is totally included within another, and (5)

to check that no gaps have been left between neighboring subareas. If any of these
tests uncover an Lror, an explanatory comment is written and parameter ITAPE

is set positive to indiL'ate that a topo tape cannot be written in the desired final

form.

Flow Charts and Program Listings

Flow charts of the main program TOPIN and subroutine DATERR are shown in

FC-C. 1 and FC-C. 2, respectively. FORTRAN listings are included on p. 299 ff.
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FC-C. 1. Flow Chart of Main Program TOPIN3
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ICHECK ' GO TO
42

0

SREAD GRID INTERVAL AND LIMITING COORiDINATES

FOR CURRENT BLOCK OF TOPO DATA

IBLOCK -IBLOCK+ 1

READ THE REGULAR 2D ARRAY
OF TOPO HEIGHTS FOR THE

CURRENT BLOCK OF TOPO DATA

SREAD FIVF ELEMENTS OF THE ARRAY

SUBSID, (SUBSID(K). K KL, KH)

SUB ÷K -NO KK1

Y'ES

END OF DATA K NO
FOR ARRAY SUBSID
HAS BEEN REACHED

KL KL + 6'_

SKK=K - I Kt=K

(a)
FC-C. 2. Flow Charts of Subroutine DATERR
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- =NN -NN *
IRRAY(NN) -s .J)+

READ ALL NEGATIVE NO. S
IN ARRAY SO. J) INTO

ARRAY IRRAY AND COUNT I +

THEM IN NN

'*°• I

[ARRAY IRRLAY AND CONTINUE I

NON
[ ~N jO.• INT NN . Y FS

K - I

ARE I0 PRINT ALLN INPUTS TO

PRNTINTED NN

I

FC-C. 2. (Continued) Flow Charts of Subroutine DATERR

I
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JN : 0
NN 2

IT EM P = IRRAY(NN)

IR Y(NN) - IRRAYNN 1) ER FLA Y (N N, = rRRAY(NN-1)
ESMY(NýN_ 1) ITEMP

JN

NX NN

NO
NN 

NNMAX

YES

JN

0.-

N. x - NN

0 PRINT: SIGNERROR

4 NNMAX GREATER THAN KK

IT PE-1

ERROR 0
NN - I

KOMPAR - (NN - 1) 4 - I

RAY(NN)-KOMPA WRONG = -rRRAY(NN)

0 PRINT: ERROR IN ADDRESS IN
S(I. J) . ADDRESS TOO SMALL

11 -G- - -ý 11 7-

(!;ý7: 
ERROR

ADDRESS 
TEN A-DR:6

LARC ERROR - ERROR - I
ITAPE - I

NN- NN d N IRROR ý 10

YES

NO NH , NNMAX PRINT: MORE T- N
0 ERRORS

YES

GVO

(c)

FC-C. 2. (Continued) Flow Charts of Subroutine DATERR
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AREA TEST K 0
AREA -(

GRINT -TOPOLNI(3,1)
NIT ITOPLNI(I. 1)
XJJ = TOPLNUý', 1)

STO(I. 1) =TOPOLM,(1I
STO(2,I) = TOPOLM(2 J)

STOM3 I) = TOPOLM(1. I) - XII - GRINT
STO(4. 1) = TOPOLM(2. D XJ.I - GRINT

AREA =AREA - (STOM3 I) - STO(I. 1)) - (STO(4l ) - STO(2. 1))

NO

I > NBLCK

PRINT:

REGION
(d PRNT
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WTEST - Stat) I

ST...) XT).Th

YTEST S.(I(e)
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X13LCK XBICK j3

XBI&K 0T ON1ECDN

K1 I II
STO(. K ) STOI

STO(I. T -TO(3 KI

ITAPI

I KI

(f)

FC-C. 2. (Contined) Flow Charts of Subroutine DATERR

298



$IBFTC TOPINX L 1zt 9DECK* M94/2 TOP I
C TOPIN TOPI I
C tvAlii kkoGKi-Ai FQK C~o-i k(TRUIi'G TvPUGRAPHY TAP TvPI L-

C TOP[ 3
C G LuZ)ZA~t FoiK TuvI, AoiL, DAILtKk 4***~*~o-i '

C TuPI 5
C BXLL LO~L.I' X uoilýA!Y OF TOI-olA~ri-Th o ~. nA OLUCN I i rý , 0

CIN CURE TLJPi 7
C oALU UPL A 0',JNýKY Or- T Mfr-APH1Io 0.kir UL'ý-N KurNLLY iýHl b

IN CURE. TQ~i -

C bYLL Luv4Ek Y 0U .OM40AY it-Trr-n'..-~

IN CORE TUPI 11
C dYLu JiOPEMi y UOvLýL.'A~i oF [ cdi ý. .ATA, DLAoOR OI)INKLINLY Tioý,i 12

C IN CORE. To.PI 13
C (3R 111T LENGurI OF TriL )TA114LJMkKU Urmib 114t ERý'AL 3L z)(IJ) iur 14+
C ImTUPO FINAL 1- KHýAkruopu•A IAPE ',uj'OL)L, oPI 15
C II UPPEF- Li,'II OF I UhI-ILN,ýLON or- )(19J) AivrAy iUPI lb
C -P~iriT Lr'UICILO i .1L-ý ' ii'~oi (iP Aktr:,o ouý)AkIr-,z TUPI 17
C LIM.4TS ET- FUR LA(ri oLULNs) ib TO bL PtIýiNTL~j. lopi £0

0ý CAo.'ooý PRINflNu i I ~~~ Nuim4. I OFI 1 1
C I S IN ,YbTrll iNP~i IAPr- 4jO.;otR TuPI 20
C ISUJT )Y:)TaM VoIPQT fAPE 4Uqib-- TOP 1 21

I ISjcR I NOILA ILz I F = J THiAT .,ookujT INE OA TERk I: u o t~ jLuTOP 1 12

C I TAPL- NUT Lbrvw INOýIC kic- TriAl -ýNOR, riAVL or-LN ýUuNlýh liq ]UPI 231
C THE LAIA ,t:T Ao 4unrAT A VkLIL) I OP TA~rt CArivuT or- ioHI 24

C wFRITTt>,4. A Zt.'0J li)ICAlr-.: i~u Ltr-K<Uk() AkL iAPFAkL~ r-i i ýF 2 :
C I T EolPU TF.iý'PRAY Tu~u TAPE NU~1o~k T6PI 26

iiJ UPPEI- LIrlIT OF J 0ULi Noli'i OF o)( l9 1) Ar-iKAY TP I z 7
C IIj) T JY L)I.L I UNAL Akr<AY CON IA I o~rNu L I I j'( TouC~uuAPH IC TOP I 2o

Cr r~iýriT Or U U~j UUAMrL I, 9JON ThL- ,AP Ork A 14-A I I V a oRiu 2'ý
C NuMbt.R Nri I ont v~hrN ý-uNVcJK1tri) To A Pu,) II ivc I IILGtR 9 [UPI -5
C 1,> THEr !JNutXý K#r TO A Njol)t.R I N THL \-IILE ~ 'A ToRI :1
C ARRAY, b:oz-Iu(K). I F A AijŽ4 ER I N i ( 1 ,J) Io -ý 4rGgI j v L, 1UP 32

c ~~IT Ib CALLEO TH-, 13ADL AUL)Rý-o) IQ ilr-it DJA1, '- 0oI: lUPI j3:
c GR INT Wr-roýt. LOWLrK-L rFI Io~.r I A T LukCAT '), TORI1 34

C (I -1 ) *6m 1,4I 9 (J- 1 ) ,okI lid F -"' THr- -jAR T'vFi : ý
C 3065u1' IN-U'tLI'4. AklýY Lo.[Mlr'I ti -it< A 1A -rToI 36
c HEIGHiT OR ý, NE~oMkiVtL NQu-,LzR WhIrilcr AHNi CUJlNzix1rLJ Tu ToRI 31

C A PUZ>IJIIV 1114ToLR ,) lr Tnt I'.u)E,\ r. TO A.4uTHER TuP 1 36
C N0Mbt.R I N ou~o I Li 9 4r-II'r-i irAY IN ToRN DE tiTr-IR fUPl 3

CA TOPQ&uArýkiriL iiri Ul- 'i~fr-~rtj oA:),- AL)L)rt.0 TOP I 4U

C TXLL LQAEK A 0oriiLr-(ý Or- THiE COMPLETE TUPýGiAAPrY ANLtA ToIj 4.i

c TXLu oPPEIN A ooouj4)ARY OF TH-E C6.ARLcTt. IORO~i-<A~r-iY AtriLA TOr I 4e

C TYLL LUWEIR Y orýji4LA ?Y OF TH-L Coý,,RLETL fUr-Uol<APM-Y AýLA T.el 4j
C TYLJ UPPER Y 6oouuiARY OF ThrL LQiPLrLTE TI ,uORPr1'Y Aiýt.A ToRIl 44
C ToRI 4:

c ~..*.*$k~ 46
C TOPI 41?

1 ,TOPIO)(12) I jloI + ly
C TOPI 50

c TOP 1 52
CO~voiUN GRINT 9 BXLL v bXLJ 9 bYLL , t ,L II1 TORI 53

Iu~r bQuOT 9 1 3LOLK- , PIr-NI' , Iot-uLili 9 1 IPL". t TXL. ORPI 55
Cv.-wiui' TXLU 9 '1 fLL 0 ryl-O 9 r'4GLCrN , r TORI 56

C TOPI 57

C ***~*k*w********** **.**~,**~*******TRI58

C TORI 59
1 FORMAT (1:)HIIHTOPO TXLLzFb.1,8H TXLU=9F6*1,8H TYLL=,F6.1. TORPI 60
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ldH TYLu~r-t,.i) T,~j
2 F DRýAT 12Aeb
3 F )YAT 12 )
4 F (,, ýT 7ri i~.~;,~ D~ I L

6 0 -ý ' 1 A I bl iT-¶1-t~, ,4r-d C) ..- i

Isu S I D(~J
A13 F0i:r zi 33h T---- . -Ni L Z. ' ...

q F 'A T (L 3 .6T-

.5 NA 'it' I -r - L A

i C. I i L

~ IT,- I o

ZI T. -'I- , bI

A ~ 1 up- i

~RII iI~-~,G)TuHj 9

D0 T 1 3

IF (!T L~ FAK 32,1A T6P 97~
3u w r 1 F (I T~- 9 \T ± ý 1 v~ cO'

6CTO 16 TORi iOi

12:I k 4 9~T I lH 1 ) Ls .\ 1i i j04

3 WRITI-(1 i LK~ - Iý (S j3 iJ 1 , I 10 .:j

7i O fC 16ALI',6i TOPI 106
11 T T,! P 12 1 -P 1 107

IF(ITAPE)2192U,2l T U -I 117
21 vVRITE (ISOOT,22) TuPI ilid
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GO TO 16 TOPI 119

vi~ I T t I -i . ,'u T J uL-'L, TUPI 123

W I-,I T I IT JPýU I T. 'L,' TtPI i 2,+

K EviI ND I TE,ýP& TýHli 2 D

18 mEAL) ( I Tc -. ) Tj~~V~ , iN. IIrizb

Nm=~~~OP i 13ýLM IL,

A~~~~ L)*tN9N

UPQ 9J=L wJ301
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:bIbFIC UATLrm Li )I t3LC(,qýý9'/2 IL

c 9ATE 1
,ýun~uv I INrL LAITri~k Ia 1-

c ýA T~ 3
C ý)U)K UTI - P4iL TILZ T iI.. 14 .'F r MM L- ýý I A LM. - (i L -'L

cC A N 0 S U o S I L) K

c S t PR u R A'ýi Tu P iN F uk A 'L U D oA 1ýY AZ

C -ýA TEI

f L'1 LL) I
&.' u~.i~ DA~~ 9 DAL,~ 9 LU-ILL I z,-1 io

A .)AT 24 r

t~~k~~iAT (T1Ž U-E 2o

0 RU-,- T .*i/ A ~I L 2O

4 r u i~~, i( ri Uý -J r i, i- u. p i i 7 Aý L T L- / L =,I~0 1 ,- 0

6 f ukRAT ( bH Hl,~,r J J j±L I L

9 F N,.'A i 1 -yr, UNi r- NI .-- ~TL

A, U .1,11L, N 9 L; ý 1-.~iJ* t -[i * JU- U ýL -I lr.., ,U., LL ) ~ -L 4

J14 / t-u(0 -, ~L),i U k 9 i~ - o~-LU 9 0 t ( 1 ,- i i-.rodju I L -, ir ' NN. 0 f *~L 4 I

11 s~~f r i i IiL. ,~1 9 4-r T~ Iu L A kQL . JýA 7L 4.)

2.)1 A.~o TL-..i 2Q i~ T U-Ls"-\ TýPu.,L/,PriL .Ix..'o. LL- ~ UATL 46

iLl' )r T~ijPu~jkAAi-rrC R1Lui004. )DATE. 47
2zi ~u~A(i.UHi foTAL AirOM ý.r I u,,.)riAP rlI L zjooI V I )jvibI'. ý t, OrLA[IE k T HANUAi E 4bU

1 Ai-L A- Iur ut-QmmýrnjL rILLNO. r-oý 0VLr<LAPZ). WLAIL 4i

I o). 9) LOMT r 51
eZ9 (-IMA '(M IZ~r-i A TUP( jt~mPri1C. .)uoLdivllui's IaU juTior-h Il-L TUH Ur<M.-rnjo rwobTIL :) ' I

1LGION )DATE 5-3

21b hýr(iiA; (120h A izjoLUlvl.)luN lzo ýJriPLETLLY EI LOU-)LI) UlU'-I ~irlo~riL Sýool V o' I L 54

1151 ON. )t)ATE 55

C DATE 56

C DATE 58
DATA Q~oUCT/OlooCOO~uou6O/ DATE 59

c Re r~oduced IroflATl6

loe lbl stCOPY
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C1

C ks ..... .. ".. ....... .. ....r4 ' •.. . .' .... " ......r± sr'.... .... . .- ± • . ... ,I"- : 4)

cT iF!I4LIK tiiOT'c 1 C

16 A EAD koIl,,1 )GdII",]1 o)ALL ,tAL toIYLL rjYL0 AT E I 0

LF ( JkINT) 4jg,9j4 / JA I.- L ;
1.7 1BLOCK=ILG-,CK+1 TATE c I

'<EAR (1 9IN,2 1 1lJJ AGATE os
IK A (is i.,. ) (to(l ,u, ,jI =i L C -JzJj)
\L=l IL : ,•

DO 21 KrHH=1,I1>J1 0T'

IF(bu!RLK';4) )•,Io,c.• 'Ai-,,E (A J i N Nl

1 F bKK- r-j7.-0
18 2 = .. . ; ., , C,- 7

F -T 7

T1.

2 T- 2 rT

2, 4 T I , E
" L =.L +D *[: s

I -H -1+ ) 7T"9 ._

2I si Ix)I ILs -,t

I'> Y -.. ,f .')=-. o»(K!)+..5 2 :,'1 -

2- C' T I-

Z 4 j

IF ( -• ",il ) = ,ý ( !T: )2•

24 %4 T5't~ I.A9\& JL TL

2I F Io , 1)ir t'2

,', I I lovoi ,b•.A y< sl* j.jo

-'2.; L> I o>±i• ,:) i.>.,t j~ix) ,.S:±,x\.) uAiL 11-
At I F 1 1 1 T, aIIAA

23 jr,*= {AT> ,.•
z ', " N2,'i\1 AX 7,, i 1:

29 ITE'P=IPRAY(NN,,) GATE 115

I - • A Y 9 ', ) = I AY) N7 N-i) zAt- 1>

IH-<A',4( ,',i;=iTz'_,P L)AIu Zi

JN= I' T q,919

I,= FT I A4Ž A 10,
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3 < CON\T I NuE 2-Tý i~u
IF 2 N) - ,51 92 b

31 IF 4*N¼YAX-rKA)32,:5,b- -

12 ARITE tIuJITl1llELUCr\ +:4I .4 I
60 Tu 34 T -

IN M I IL I I -,; 1 9 1 L'a.N

S1 TP=A

II I L

r L T. I - •

is I-�,7 , - I•U
' T, ):= , s

-. , I+.T IA

I11 z. II'' I A • .L,

, .T I
T,,l - .4;

11 I
I

246 aT t.P a A y~v )i o

2]-...5 C T I tt e OI, ir' .,.A C. -A,,.) •-fl +,. ), 4. u,,,A ,..,..,- - -

2.�.6 4T�-,Lt vv it

It T< 'ý l LATL 174

245 41 ATt 174
A Tt i±7 Ic jPTo t27;o
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OF THE TOP.) DI i -i~ i 7c

D)ATE: 17,7
SATE 182

42 K, DA T 16 1

,kRE >T E I c-z

,)j 1 0 1i = 1 9iubL N(,1 IM Z. 10

4,1 =', L21 +XJ A~O T T 187

AK A =Ar( EA-(. 1 .3 1 T-ý I 1 91 T )Lri4 1 ~Tu(2 1 A T jAE hI

1- rDNTINUE uATE 194

TR~EA=(TAL,-TALL)*-(TYL=-TYLL) AiE ý'.1-

iF(A1<EA-TiIZA)12 2=,2&op 2 uA TE 1)4

I TAPE=1 jTn i V C
, u TO 41 j)ATl 197

C~ A~H~ DT E e 02

DA T 203

D AT E C04

2 ~8 1.ir SATE 22-0

7] 2 21 1 1oINtLCr( L) iL. £
I F ! 1r 9 1, , i 9 2 iv L.) I ý3 7

29 1~ 1: 1) ) -,QTo i q1 i )Z£j4,£iq, ! J i L( 0o

2 1 ' I FW k 3 91 K 1-~4 )2 1 2 1 2 2 DAlE 40J

2,12 1 FIi k 'i-i'(~ k - L.)213,T L /A i v

21, - ý\T IN-F D)ATE 2 12
I F (K1- rBLC< I IJ i Lj I L) A IE 2 1

215 (1=(i+1 D)ATE 214

0O TO 217 jAIL 215
14 A RI i 1->,Tte9£>) jATE e£10

I TAPE=1 S)ATt 21

T .)1 41 LATE 41o
D)ATE e 1 9

c D ATE 220
C H E Lr, r >ý OA,, D E I yc- r o T jrPZO 1 3rlV I 10 (N

c AL) A Tr 1
L)A T z £2

I1L01 T S 0 SýA T L/, £4

EPSLN1 * uE-5 DATE z25
X T E ýT = I A L L + E PsL L DAT E 22o
Y TEST =T YLý.J-EP-)LN L)A TE 24d7

1.9 DO 105 I=1,NBLCr( DATE 22b

lF(XTE3T-$-TO(1,I ))lQ.59lu59l02 DATE 229

1 ý 2 1 F ,.IOT 3 1 ) -AT E,>T 1 I 1u,) 5 v 1)3 JA T E 230

1,)3 1 F YT E I -ý, I (2 91 ) Ii. 1 U5 91 )4 D ATIE 231

1=4 I F(T 0 4 1 ) -Y T E.jI)T1r.v,91 5 106 LJAITL 4 34
1=5 COiNTINJL DATE 233

GO TO 20)2 DATE 234

305



1D6 XItCK=I DATE 235
K=K&. DATE23

XIN(K)=INDATE j

lo8 XTEjl=SýTOU, IN)+EP0LN OATEý 241

IFHXTEjT-FXLj)i',922,ilO u)ATL LZ+~

2 -2 V4 RI TE (I z Li OT o 2 22 )X T tLYI Ei ZT z.T -'1

I TAPE~l uATt ~
GO TO 41 Uk 4

111 xTEST=IXLL+EP<)LN
TS= 5 .0

GO TU 1ý9

ci Z
2j4 DO 2.)5 K=1s,%N1AX,.-

2- IO T EI %Jr F,29

v Ri 4 61 TU 2 2

LNLý) r D4 Az f 0

e2 6 7*

j~eVjoajlb267

),es\

306


